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PREFACE. 



Ths School Committee of the City of Boston haying recentlj 
famished the Grammar Schools with apparatus for exemplifying 
the principles of Natural Philosophy ^ the author of this wodc, 
who, for ten years^ has been at the head of one of these large 
establishments, and has felt the want of an elementary treatise 
muneumbered toi^i extraneous matter, has been induced to atten^t 
to supply the deficiency. If he is not deceived in the result of 
his labors, the work will commend itself to notice, by the follow- 
ing features: 

1. It is adapted to the present state of natural science; em- 
braces a wider field, and contains a greater amount of infbrmatioa 
on the respective subjects of which it treats, than any other ele- 
mentary treatise of its size. 

2. It contains an engraving of every article in the Boston School 
set of pkilosopkical apparatus ; a description of each instromenty 
and an account of the experiments which can be performed by 
means of the apparatus. 

3. It is enriched by a representation and a descriptioa of the 
LocoTM^ve, as well as the common Steam Engine* 

4. Besides embracing a copious account of the prinoiplefl of 
Electricity and Magnetism, its value is enhanced by the intre^ 
doction of the science of Fyronomics, together with the new 
■caence of Electro-Magnetism. 

5. It is peculiarly adapted to the convenience of study and of 
recitation, by the figures and diagrams being first placed, side by 
nde with the illustrations, and then repeated on separate leaves 
at the end of the volume. The number is also ^ven, where each 
principle may be found, to which allusion is made, throughout the 

a* 



Vi PREFACE. 

6. It presents the most important principles of science in t 
larger type ; while the illustrations, and the deductions from these 
principles are contained in a smaller letter. Much useful and 
interesting matter is also crowded into notes at the bottom of the 
page. By this arrangement, the pupil can never be at a loss to 
distinguish the parts of a lesson which are of primary importance ; 
nor will be be in danger of mistaking theory and conjecture for 

fiiCt. 

7. It contains a number of original illustrations, which the 
author has found more intelligilile to children, than those with 
which he has met elsewhere. « 

8. Nothing has been omitted, which is usually contained in an 
elementary treatise. 

A work of this kind, from its very nature, admits but little 
originality. The whole circle of the sciences consists of princi- 
ples deduced from the discoveries of different individuals, in 
different ages, thrown into common stock. The whole, then, is 
cmnmon property, and belongs exclusively to no one. The merit, 
therefore, of an elementary treatise on natural science must rest 
■dely on the judiciousness of its selections. In many of the 
worlLS from which extracts have been taken for this volume, tlie 
author has found the same language and expressions without the 
tisual marks of quotation. Being at a loss, therefore, whom to 
eredit for some of the expressions which he has borrowed, he 
subjoins a list of the works to which he is indebted, with this 
general acknowledgment ; in the hope that it may be said of 
lum as it was once said of the Mantuan Bard, that '^ he has 
mdonud lus thefls, and polished the diamonds which he has 
ftolen.*' 

The thanks of the author are due to Dr. J. W. Webster, Pro- 
fessor of Chemistry, in Harvard University, for the exhibition 
and explanation of a new and highly interesting apparatus in 
the department of Electro-Magnetism, to which allusion is made 
in the body of this work 

It remains to be stated, that the Questions, at the bottom of the 
page, tiuroughont the volume, were not written by the author) bat 
were prepared by another hand. 

R. O. P 

12 Orange Street, j9/»n/, 1837. 
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SAMUEL ATKINS ELIOT, 
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I am, Sir, very respectfully, 
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RICHARD GREEN PARKER. 
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NATURAL PHILOSOPHY 



SECTION I. 
DivUions of the Subject. 

1. Natural Philosophy is the science which treats 
of the powers and properties o€ natural bodies, their 
mutual action on one another, and the laws and opera- 
tions of the material world. 

2. The principal branches of Natural Philosophy, are 
Mechanics, Pneumatics, Hydraulics, Hydrostatics, 
Acoustics, Pyronomics, Optics, Astronomy, Electricity, 
Galvanism, Magnetism, and Electro-Magnetism. 

3. MechaDtcs is that branch of Natural Philosophy which relatei 
to motion and the moving powers, their nature and hiws, with their 
effects in machines, &c. 

4. Pneumatics treats of the nature, properties, and effects of air. 

5. Hydraulics treats of the motion of 6 aids, particularly of water; 
and the construction of all kinds of instruments and machines fop 
movinf them. 

6. Hydrostatics treats of the nature, gravity, and pressure of 
floiUs. 

7. Acoustics treats of the nature and laws of sound. 

8. Pyronomics treats of heat, the laws by which it is governed^ 
■ad the effects vhich it produces. 

9. Optics treats of light, of colors, and of vision, or sight. 

10. Astronomy treats of tlie heavenly bodies, such as the sun 
moon, stars, comets, planets, &c. 

11. Electricity treats of thunder and lightning, and the causes 
by which they are produced, both naturally and artificially. 

12. Galvanism is a branch of Electricity. 

1. What is Natural Philosniihy f 2. What are the principal branchea of NaU 
oral Philusophy f 3. What is Mechanics f 4. Of what does Pneumatics treat? 
b, llydraalics.' 6. Hydrostatics f 7. Acoustics f 8. Pyronomics? 9. Op 
tics f 10. Astronomy { 11. Electricity i 12. Of what is Galvanism a branch ? 

1 



9 NATURAL PHILOSOPHY. 

13. J^agnetism treats of the properties and effects of the magnety 
or loadstone. 

14. Electro-Magnetism treats of the combined powers of Eleo- 
tricity and Magnetism. 



SECTION II. 

Of Matter and its Properties. 

15. Matter is the general name of every thing that 
occupies space, or has figure, form, or color. 

16. The words substance, body, or bodies, are but different names 
for the same thing, and they are all comprehended under the gen- 
eral name of matter. 

17. All matter is composed of very minute particles, which are 
connected together in different bodies, by different degrees of cohe- 
sion. 

18. Matter exists in two forms, namely, a solid and a 
fiuid form. 

19. Matter exists in a solid form when the particles of which it 
is composed adhere together, so that one particle cannot be ino?ed 
without moving the vHiole. 

50. Matter exists in a fluid form when the particles, having bat a 
•light degree of cohesion, move easily among themselves. 

51. There are seven essential properties belonging 
to all. matter, namely : 1. Impenetrability, 2. Extension, 
S. Figure, 4. Divisibility, 5. Indestructibility, 6. In- 
ertia, and 7. Attraction. 

83. These are called essential properties, because no particle of 
matter can be deprived of them, or exist without them. 

83. There are certain other properties existing in different bodies, 
called accidental properties, because they do not necessarily exist 
in the bodies themselves, but depend upon their connexion with 
other bodies. Thus, color and weight are accidental properties, 
because they do not necessarily exist in the bodies that possess 

13. Ofwbat does Magnetism treat f 14. Electro-Mnirnetiain ? 15. What te 
Matter ? 16. What is meant by the words substance, body, or bodies f 17. Of 
what is all matter composed f How are these parliclps connected together f 
18. In how many forms does matter exist f What are they f 19. When does 
matter exist in a solid form f 20. When in a fluid form i 21. How many 
Cisentia! properties of matter are there f What are they f Why are they 
called essential profterties f 23. What other properties exint in diiTerent bodies f 
Why are they called accidental properties? Are color and weight essential or 
accidental properties f Why i 
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them, but depend apon their connexion with other things. [See 
Oroet^and Optics ] ' 

24. There are also certain terms need in Nataral Philosophy, to 
express the state in which matter exists, snch as Poropitv, Density, 
Rarity, Compressibility, Expansibility, Mobility, Elasticity, Brittle- 
ness, Malleability, Ductility, and Tenacity. 

25. By Impenetrability is meant the power of occu- 
pying a certain space, so that where one body is, anotli- 
er cannot be, without displacing it ; because two bodies 
or two portions of matter cannot occupy the same space 
at the same time. 

26. Impenetrability belongs to fluids as well as solid bodies ; and 
it is as impossible for a liquid and a solid body to occupy the same 
space at the same time, as it is for two solid bodies to do so. The 
reason why fluids appear less impenetrable than solid bodies, is, 
that the particles of which they are composed move easily among 
themselves, on account of their slifht aefirree of cohesion. [Set 
Ab.20.] 6 6 

27. BhiStration 1st. Fill a tumbler with water, or any other 
liquid, and put a spoon, or any other article, in it : the liquid wiH 
flow over the sides of the vessel to make room for the spoon.* 

28. lUvstration 2d. Put some water into a tube closed at one 
end ; and then insert a piece of wood that fits the inside of the tube 
very accurately. It will be impossible to force the wood to the 
bottom of the tube, unless the water be first removed. The same 
experiment may be made with air instead of water; and proves that 
water, air, and all other fluids, are equally solid, or impenetrable, 
with the liardest booies. 

29. The impenetrability of water was shown by an experiment 

* It is a well known fact, that a certain quantity of salt, the particles 
of which are supposed to be smaller than those of water, can be put into 
a vessel foil of water, without causing it to overflow ; and as the parti- 
cles of which sugar is composed are smaller than those of salt, & por- 
tion of sugar may be added after the fluid is saturated with salt. This 
may be accounted for by supposing that the parti- p| j^ 

cles of fluids are round, and therefore touch one 
another only in a few points. There will be spaces 
between the particles in the same manner that 
tiiere are between large balls which are piled on ' 
one another. Between these spaces other smaller 
balls may be placed ; and these smaller balls, hav- 
faig spaces between them, will admit others still 
smaller ; as may be seen in Fig. 1 . 

S4. Wbat terms are used in Philosophy to express the state in which matter 
exists f 25. What is meant by Impenetrability i 26. Does impenetrability 
belosg to flnids f Why do fluids appear ietis itnpenetralile than solid bodies f 
What examples are given in Illastratinn Ist and 2d in prove the impenetrability 
eC flnids f What is supposed to be the form of the particles of fluids f What 
Mlowi from this ? Wbat figure illustrates this i 
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made at Florence, many yetirs ago. A hollow globe of gold 
filled with water, and submitted to great pressure. The water wii 
seen to exude through the pores of the gold, and covered it with a 
fine dew. [S«e note under JVb. 196.] 

30. When an open phial, not inverted, is plunged into a basin of 
water, the air will rush out in bubbles, to make room for the water; 
and if an inverted tumbler or goblet be immersed in water, the 
water will not rise far in the tumbler unless it be inclined so that the 
air can escape. These are further proofs of the impenetrabiUlj of 
air. 

31. When a noil is driven into wood, or any other sabstance. it 
forces the particles asunder, and makes its way between them ; but 
not a single atom of the wood can remain in the same space that 
the nail occupies; and if the wood is not increased in siae by the 
addition of the nail, it is because wood is a porous substance, 
like sponge, the particles of which may be compressed or squeeied 
more closely together. It is thus they make way fur the nail. 

32. By Extension, is meant length, breadth, and 
depth. Bulk and size are but different names for ex- 
tension. It is evident that every body, or portion of 
matter, must have size, bulk, or extension, which ii 
measured by the portion of space which it occupies. 

33. The different terms which are used to express the extension 
of a body are length, breadth, width, height, depth, and thickness. 

34. Length is the extent from end to end. Breadth or width is 
the extent from side to side Height, depth, or thickness, is the 
extent from the top to the bottom. 

35. The measure of a body from the bottom to the top is called 
height ; from the top to the bottom is called depth. Thus we speak 
of me depth of a well, the height of a house, &.c. 

36. By Figure, is meant the form or shape of a hody. 
Two circles or two balls may be of the same shape or 
figure, while they differ in extension. The limits of 
extension constitute figure. 

37. By Divisibility is meant susceptibility of being 

divided. 

A body, however small, can be divided into halves, quarters, Ac,, 
and these halves and quarters may be again divided in the same 
manner, although they may be too small to be visible to our eyes. 
There are some living creatures, called animalculae, so small that w« 
cannot see them. To them a grain of sand appears as large as a 
mountain does to us. Our power of dividing matter ends where 
theirs begins; and it follows that this divisibility of matter is limited 

29. What example can vou give to prove the impenetrability of water f 
90. What the air f 31. What aolids f 32. What is meant by Extension f 
89. What term>« are used to express the extension of a body f 34. What is length f 
Breadth f Height, depth, and thicltness f Whnt is the difference between 
height and depth i 36. What is meant by Figure f 37. What is meant by 
Divisibility i 
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ffily by the extent of our powers. If, therefore, by means of cut- 
ting, poanding, grinding, &c., we divide a body into as small parti- 
cles as we can, these particles will still have an upoer and an under 
surface, with length, breadth, and thickness, all of which will still 
be visible to such creatures as have sufficient powers of vision. 
From which it appears that matter is indefinitely divisible. 

38. The extreme divisibility of matter may be shown in a nura- 
bfer of ways. First. By dissolving a solid body in a liquid. When, 
for instance, we sweeten a cup of tea or coffee, a small portion of 
BOffar is dissolved and diffused through the whole of the liquid. 

S). Seeamdly. From the manner in which we smell odoriferous 
•abstances. The perfume or odor of a body is produced by the 
escape of very minute particles which enter the nostrils. This per- 
fome is diffused through the whole extent of a large room, without 
the loes of the smallest visible part of the substance. 

40. thirdly. A few drops of a colored liquid falling into a vessel 
of water, immediately tinge the whole of the water with the color, 
and must therefore t>e diffused throughout it. 

41. Fourthly. A lighted candle, placed upon a hill, diffuses parti- 
cles of liffht through the space of a mile in extent, before it has lost 
any visible portion of its substance. 

' 42. Fifthly. It has been calculated that sixteen ounces of gold, 
which, in the form of a cube, would not measure an inch and a 
quarter in its side, will completely gild a quantity of silver wire 
twenty-five thousand miles in length. 

43. A single grain of gold may be hammered by a gold-beater 
until it will cover fifly square inches ; each square inch may be 
divided into two hundred strips; and each strip into two hundred 
parts, which may be seen with the naked eye. Each square inch, 
therefore, contains forty thousand visible parts, which, multiplied 
by fifly, the number of square inches which a grain of gold will 
make, gives two million parts, each of which can be seen with the 
naked eye. 

44. The particles which escape from luminous or 

odoriferous objects, although they are too small to be 

visible, all form a part of the substance of those objects, 

and a body is in reality diminished by their escape. 

This is evident iq liquid bodies ; as, for instance, in a bottle of 
lavender water, which, if lefl unstopped a sufficient length of time, 
will evaporate and disappear. 

45. By the Indestructibility of matter is meant that 
it cannot be destroyed. It may be indefinitely divided, 
or altered in its form, color, and accidental properties, 
but it must still continue to exist in some form through 
ail its changes of external appearance. - 

By what is the divisibility of matter limited ? 38. Mention some exam- 
ples to sliow the extreme divisibility of matter. 44. Are odoriferous and lumi- 
Boat bodies diminished by the particles which escape firom them .' Why can 
we not see the particles which escape f Give an example to prove that th« 
are diminished i 45. What la meant by the Indestructibility of matter ^ 
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46. The science of chemistry teaches us that there is a certtis 
definite number of elementary substances, of some one or more of 
which all other substances are composed The powers of man, or 
of nature, can change the shape, the combination, or the situation, 
of these elementary substances, but nothing short of creative power 
can annihilate any one of them. 

47. Illustration 1st. Thus water, for instance, which was for- 
merly considered as a simple substance, is found to conaist of two 
substances, imperceptible to the sight, called hydrogen and ozygeOi 
united by what is nailed chemical attraction. Tliese subetancea 
may be separated and made to unite with other substances, but 
they cannot be destroyed. 

48. JUustration 2d. There is actually no more nor less of the 
elements of water existing at the present time than there was at the 
creation of the world, but they exist only in different forma or situ- 
ations. When water disappears, either by boiling over a fire, or 
evaporating by the heal of the sun, or, in other words, when ^U 
dries upy" it rises slowly in the form of steam or vapor. This vapor 
ascends in the air and constitutes clouds ; these clouds agrain fall to 
the earth in the shape of rain, snow, or hail, and form springs, 
fountains, rivers, &c. The water on or in the earth, therefore, is 
constantly changing its shape or situation, but no particle of it is 
ever actually destroyed. 

49. JUustration 3d. The particles or simple substances of which 
wood or coal is composed are not destroyed when the wood or coal 
is burnt. Part of them arise in smoke or vapor, and the remainder 
is reduced to ashes. A body in burning undergoes remarkable 
chants. It is subdivided, its fitrm and color are altered, its exten- 
sion IS increased, but the various parts into which it has been sepa- 
rated by combustion, continue in existence, and retain all the essen- 
tial properties of bodies. 

50. illustration 4th. Every thing in nature decays and is cormpt- 
ed in the lapse of time. We ourselves die, and our bodies moulder 
in the dust ; but not a single atom of them is lost They serve to 
nourish the earth, whence, while living, they drew their support, 
and by degrees become incorporated with other substances. 

51. By Inertia, is meant the resistance which inactive 
matter makes to a change of state, whether of motion or 
rest. A hody at rest cannot put itself in motion, nor 
can a hody in motion stop itself. 

53. A body, when put in motion, will continue to move for ever, 
unless it be stopped. When a stone or ball is thrown from the 
hand, there are two forces which continually operate to stop it; 
namely, the resistance of the air, and gravitation : all motion 

46. What does chemistry teach with regard to the composition of bodies f Can 
any particle or matter be annihilated f Of what is water composed .' Is there 
more or less water existing now than there was at the creation of the worKi f 
What becomes or water when it evaporates.' What beromen of the particlet 
or simple substances ofdiflferent kinds of fuel when burnt ? What liecumea of 
•vary thing in nature i 51. What is meant by Inertia f 52. How long will a 
body In motion oontinoe to move, unless it be stopped f 
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which is cnused by animal or mochanical power, wiH be destroyed 
by the combined action of these forces. But could these otostaclai 
be removed, the body in motion would continue to move for ever. 

53. The Inertia, or resistance of a body to a change of state, as, 
&r instance, a ball, may be perceived by throwing it from tlie hand* 
It requires a considerable degree of strength to give it a rapid mo- 
tion ; and the person who stops or catches it, feels the resistance it 
makes to being stopped. 

54. Attraction expresses the tendency which different 
bodies or portions of matter have, to approach each 
other. Every portion of matter is attracted by every 
other portion of matter, and this attraction is the 
strongest in the largest portions. 

55. As the earth is the largest portion of matter with 
which we are practically acquainted, every thing on or 
near its surface, when unsupported, will obey its supe- 
rior attraction. For this reason every thing about us 
will fall to the ground or the surface of the earth, unless 
it be prevented. 

56. The attraction of all masses of matter is in a 
direct proportion to their quantity, and in inverse pro- 
portion to the square of their distances from each 
other. That is, the greater the quantity and the less 
the distance, the stronger will be the attraction. 

57. There are two kinds of attraction belonging to all 
matter, namely, the attraction of gravitation, or grav- 
ity, and the attraction of cohesion, or cohesive at- 
traction. 

58. The attraction of gravitation, or gravity, is that 
which causes bodies at a distance to approach each 
other. 

59. The attraction of cohesion, or cohesive attrac- 
tioo, is that which unites the particles of a body. 

60. l\y the attraction of gravity, a stone falls to the ground. By 
the attraction of cohesion, the particles which compose the stone 
are held together. 

When a stone or ball is thrown fVoin the hand, how many forces continually 
operate to stop it f Whnt are they f What destroys the motion causett by 
animal or mechanical power f How could a body in motion be made to move 
forever? 53. What example is given to show the inertia of a hotly f 
54. What is Attraction? Where is attraction the strongest ? 55. Why does 
a body ftll when unsupported f 56. In what proportion does attraction 
incrense? 57. flow many kinds of attraction are there belonging to all 
matter ? Wh*it art they ? 58. What is the attraction of gravitation, or grav* 
iiy f 59. What is the attraction of cohesion, or cohesive attraction ¥ eO. 
What causes a stone to fall to the ground t By what are the particles wMdl 
oompose the stone held together * 
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61^ The difference between the two kinds of attraction is thii: 
the attraction of cohesion takes place in very minute partick^s, and 
at rery small distances ; the attraction of gravity acts on all bodies 
and at all distances. The attraction of cohesion takes plape be- 
tween the particles of the same body. The attraction of gravitatioa 
caases different bodies to approach each other. 

62. The attraction of gravitation causes weight. 

When we say that a body weighs an ounce, a pound, or a han- 
dred pounds, we express, by these terms, the degree of attraction 
by which it is drawn towards the earth. As this attraction, (as was 
stated in number 56,) depends upon the quantity or portion of mst- 
ter there is in a body, it follows that those bodies which are heay- 
^ iest, that is, wliich are most strongly attracted, contain the most 
matter. 

63. We estimate the quantity of matter in a body, not by its ap- 

girent size, but by its weight. We term some bodies, as cork, 
athers, &c., light; others, as lead, gold, mercury, &c , are called 
heary. The reason of this is, that the particles which compose the 
former are not closely packed together, and therefore they occupy 
considerable space ; while in the latter they are joined more closely 
together, and occupy but little room. A pound of cork and a 
pound of lead, therefore, will differ very much in apparent size, 
while they are both equally attracted by gravity, that is, they weigh 
the same. 

64. The particles of which bodies are composed touch one an- 
other in few places only. There are, consequently, small spaces 
between the particles, and these spaces are called pores. The po- 
rosity of a body implies, therefore, that it has pores ; and the greater 
the number, and the larger the size of these pores, the more porous 
the body is said to be. 

65. The porosity of bodies leads to another distinc- 
tion, called density, and rarity. By density is meant 
the closeness and compactness of the particles of a body. 
Rarity is the contrary of density, and implies the thin- 
ness or subtlety of bodies. A body in which the pores 
are small and few in number is called a dense body. 
When the pores are large and numerous, the body if 
said to be rare. 

66. D^n^e bodies are always heavier than rare bodies of the same 
Biie, because there is a greater number of particles in the sama 

61. What is tlie difference Iwtween tbese allraccions f 62. What is weight t 
When we say a iKidy weighs an ouoc^ or a pound, what do we expresM by this 
term f Upon what does attraction depend t What rollowa frnm Ihia * tt. 
Ifow do we estimate the quantity of matter in a body f What bodies ars 
light ' What heavy f How do you account for this difference f 64. What 
are pores f What does the porosity of a body imply? Upon what does the 
porosity depend ^ 8d. What is meant by Density f Rarity i When is a Ixidy 
called dense t When rare f 66. How do dense and rare lK>dies of the same 
eompare, with rsgard to their wei^t I Why i 



MATTER AND ITS PROPERTIES. 9 

•ptcc, and conseqaently the body ii more strongly attracted. [Se§ 

67. The strength of cohesive attraction in bodioB deponds. in a 
peat measure, upon their density. Thi.s is jiarticularly tiie caxf in 
naids. The thinner and hghter a fluid is, tlie less is itM cohesive 
attraction. 

The cohesive attraction of solid bodies is much groati^r than tliat 
of fluids. 

06. The pores of substances are ^nerally filled with air. 

69. Heat pervades all bodies, insinuating itself, i:iore or lfs<s, lie* 
tween their particles, and forcing them asund<>r. Hear, nnd the 
^traction of cohesion constantly act in opposition to each other ; 
and the more a body is heated, the more its particles will Ik* m pa- 
nted. 

70. The effect of heat in separating the particU-s of dilffn-ut 
kinds of substances is seen in the nirlling of Molids, surh as inrt.-ils, 
wax, butter, &c The heat insinuates il»t?lf l)etw»'i'n tlx* partirlf.s, 
and forces them "^under. These particles then an* ri'iimviMJ from 
that degree of r»»ttrn'^«'« or pDxiiiisty to eac4i olhiT within which 
eohesive attraction >\ists, and the body is reduced lo u ihiid ioriii. 
When the heat is removed the bodies return tu their luriner solid 
■late. 

71. Of all the effects of heat, that produced upon water, is. per- 
haps, the most remarkable. The particles are tot^illy separated and 
converted into steam or vapor, and their exten^sion is wondei fully 
increased. 

72. The steam which arises from boiling water is nrvtliinir more 
than portions of the water heated. The heat insinuates itself be- 
tween the particles of the water, and forces Uumh asuiidi>r. When 
deprived of the heat, the particles will unitt» tojrether in the form of 
drops of water. This fact can be seen by holdinjj a oold plate over 
boiling water. The steam rising from the wati*r will be condensed 
into drops on the bottom of the plate. 

73. The air whicli we bieathe generally contains a considerable 
portion of moisture. On a cold day, thi» moisture condenses on tiie 
glass in the windows and becomes visible. We .see it also, eoliect- 
ed into drops on the outside of a tumbler or other vessel cunluining 
eold water in warm weather. 

74. Heat also produces most remarkable effecls upon nir, causing 
it to expand to a wonderful extent, while the absence of heat causis 
it to shrink or contract into very smull dimensions. 

75. The attraction of cohesion causes the small watery particle? 
which compose mist or vapor to unite together in the form «>f drops 
of water. It is thus that rain is produced. The clouds consist of 

87. Upon what does coheitlve attraction in a great measure depend f In wliat 
ii this nartieularly the cane f Upon wliat doei* the cohesive nitrHCtion of iluitls 
depend .' In which i« cohesive ntfraction the stronger, in solids or fluiils f 
0L With what are the pores of nil snbstanccii goneraily niled f GO. VVliat 
cflbet hits heat upon bodies } What two forces rnntirmally act in oppo- 
filion lo eiich other .' 70. In what can the efTect of heat be nt-en ? How ones 
it«eT*arale the parlicleH? What wouhi be the e/fect were the heat renu»ve«l ? 
11. I'pon what has heat the niosl reninrlirilile effect ? flow docs it elTect it ? 
Ii. What effect has heat upon air i 75. How is ruin produced i 
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miflt or vapor expanded by heat. They rise to the cold regiont of 
the skies, where they lose their heut ; and then, uniting in dropt, 
fall to the eaith. But so long as they retain their heat, tlie attrac- 
tion of cohesion can have no influence upon them, and they inli 
continue to exist in the form of steam, vapor, or misL 

76. By the Compressibility of bodies is meant thai 
they can be compressed into smaller limits of cxtensioa 
than they naturally have. Of this all substances are 
susceptible if a sufficient force be applied. 

77. By the Expansibility of bodies is meant the pon^ 
er of being increased in extension, and it is the reverie 
of Compressibility. Heat expands most substances^ 
and cold contracts or compresses them. 

78. By Mobility is meant the power of being moyed 
All bodies, however large or heavy, may be moved, pro- 
vided a sudicient force be applied. 

79. Elasticity is the property which causes a body to 
resume its shape afler being compressed or expanded. 

Thus when a bow or a cane is bent, it returns to its former shape 
as soon as the pressure is removed. When the flesh of a living 
animal is pressed, it in like manner resumes its shape on removimr 
the pressure. Caoutchouc, or India rubber likewise, on account m 
its elasticity, when bent or drawn out. will immediately return to 
its shape. But of all hodies, those in the form of gas, or air, are the 
most remarkable for this property. Hard bodies^ arie in the next 

* When two ivnry or metallic hnlls strike each other, the pnrts at which they 
touch will be llHttened, hut no mark is perceptiltle, their elasticitv instantly d0> 
•troyini; all trace of it. ir, however, a small spot oTink be placed on one oCtlM 
balls at the point or contact, it will be fo in«l, after the contact, to hive spread, 
and will thus show that there ban been compression. The cause of elasticity Is 
not wi'll understood. Elttsticitv implies susceptibility orcomiiression; and tiM 
susceptibility of compression depen<i:t upon the poroniry of bodies ; for were then 
no pores, or spaces between the particles of matter, of which a body is compo- 
Md. it could not be comprcsse^l. But It is not the case that bodies whose par- 
ticles are most distant from each other are the most el»stic. Elasticity impliss 
not onlv susceptibilitv of compression, but the power of restoring its flirinsr 
■tale after comprei^sioii. The p<ires of such boilies as ivorv and metals, are l»* 
visible to the naked eye; but it i^ well ascertained that potd, gef. No. 29.) «•• 
nfthe uxmi dense of nil boilies, is extremuly porous, and that its pores are safl^ 
ciently la'-^e to admit water, under :n^'it pressure, to pass through them. In 
cork, sponge, and bread, the pores forin considerable cavities ; in wood, aa4 
manv kinds of stone, when not polished, they are perceptible to-the naked eya| 
whilst in Ivorv, metals, and moxt varnished and polished boiliM Joev cannot Ini 
disoernetl. To j^ve an idea of the extreme |mrosity of bodies, dir Isaac New- 
ton conjectured, that if the earth were so compressed as to be ausolutely widl- 
out p4ires. Its dimensions niijeht not he more than a cubic inch. The elastiettr 
of ivorv is very iterfttct, that ii* to vav, it restore* itJ^elf after compression, wwk 
a force very nearlv eqial to that exerted in compressing it. Liquids, sndia* 
water, dec. have scarcely any elasticity. 

Of what do the riouils ronsist ? 76. What is meant by the Compressibility of 
br«dii*H ? Can all hntVii^ he compressed i 77. What Is Expansibility ? What 
elThrt has heat and cold upon bodies i 78. What is Mobility ; 79. Wliat to 
Elasticity f 
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^k^ne elastic. Soft bodies, such as city, wax, tallow, batter, Ac. 
Jbtfe ?ery little elasticity, and are call(*d non-elastic bodies. 

80. Malleability implies capability of bein^jr drawn under the 
liammer, or roUincr. press. This property belungs to some of the 
metals, as gold, silver, iron, copper, &c , but not to all ; and it is of 
fast importance to the arts and conveniences of life. Gold is the 
most malleable of all metals. 

81. Brittleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property be- 
longs chiefly to hard bodies. 

&. Iron, steel, brass, and copper become brittle when heated and 
nddeniy cooled; but if cooled slowly, tliey are not easily broken. 
Urittleness is not entirely opposed to elasticity ; for some bodies, 
{lass, for instance, are very brittle, and yet a ball, or fine tlireaus 
of this substance, are highly elastic. 

83. Brittleness is the opposite of malleability. 

84. Ductility is that property which renders a substance suscepti- 
Ue of being drawn into wire. Platina is the most ductile of all 
metals. It can be drawn into wire scarcely larger than a spider's 
web. 

85. Tenacity implies a great degree of adhesion among the parti- 
cles of bodies. Iron, on account uf its fibrous structure, is very le- 
aacbns. 



SECTION III. 
Of Gi'ainiy or Weight, or the •Attraction of Gravitation 

86. All matter is attractive, from the smallest particle 
to the largest mass ; and bodies attract each other with 
t force proportionate to their density, that is, the quan- 
titj of matter they contain. 

87. The earth being the largest mass of matter with 
which we are practically acquainted, attracts {according 
blhe principles stated in numbers 54, 55 and 66) every 
thing on or near its surface to itself. This attraction is 
called the attraction of gravitation. 



ONe BOms sxamples of elnaticity. What bodies are most elastic i Which 
tot the BMMTS ebiatichan] or soft bodies? Note, What eflecl is prodiic«Nl 
vhsB two ivory balls strike each other f What is the cauae of elasticity 9 
GssU a body wittaoat pores be compretMeti .' Are tiiooe bodies moiit elastic 
vhoBS parflcha are most distant f What does Hasticity imply f Jlovr 
In h besB prored that gold is poroiis ? [See No 29.] What is said of the 
Hns sC cork, sponge, wood, stone, ivory, meinls, &c. f What did Newton 
ca^Bcmre with resard to the pores of ihe earth ? Which hua the most elas- 
tkity^lvory or Hqnldsf 86. Is all matter uitnctive? In what proportion do 
WdlSB attract eaeli other f 87. What is aald of the attraction of the earth, 
Mlwhat is Ike attraction oalled f 
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88. The force of gravity is greatest at the surikce of 
the earth, and decreases both upwards and downwards^ 
but in different degrees. 

89. The force of gravity decreases above the surface 
as the square of the distance from the centre increasei. 
From the surface to the centre it decreases, simply as 
the distance increases. That is, gravity at the surface 
of the earth, which is about 4000 miles from the centre, 
is four times more powerful than it would be at double 
that distance, or 8000 miles from the centre. 

90. According to the principles just stated, a body which at tlie 
surface of the earth weighs a pound, at the centre of the earth will 
weiijrh nothing. 

] 000 miles from the centre it will weigh one quarter of a pound. 

2000 <♦ " " " « « one half of a pound. 

3000 « " *.' " " " three quartersofapound. 

4000 " " «* « " " one pound. 

8000 " " " " *' " one quarter. 

12000 " " " « " " one ninth, &c. 

01. It follows from what has been stated, with regard to weight 
as a consequence of attraction* that if there were but one body in 
the universe, it would have no weight, because there would be no- 
thing to attract it. But cohesive attraction would still exist, and 
keep the particles which compose the body united. 

92. As the attraction between all bodies is mutual, it follows that 
when a stone or any heavy body fa41s to the earth, the earth will 
rise to meet it. But as the attraction is in proportion to the quan- 
tity of matter each contains, the stone will fall as much farther than 
the earth rises, as the earth exceeds the stone in mass. Now the 
earth is one quatrillion, tli|Lt is, one thousand million millions times 
larger than the largest body which has ever been known to fall 
through our atmosphere. Supposing, then, that such a body 
ithoulu fall tlirough a distance of 1000 feet — the earth would rise 
no more than the hundred billionth part of an inch, a distance alto- 
gether imperceptible to our senses. 

93. The principle of mutual attraction is not confined to the 
earth. It extends to the sun, the planets, comets, and stars. The 
earth attracts each of them, and each of them attracts the earth, and 
these mutual attractions are so nicely balanced by the power ui 
God, as to cause the regular motions of all the heavenly bodies, the 
diveisity of the seasons, the succession of day and night, summer 
and winter, and all the grand operations which are described in as- 
tronomy. 



88. Where is the force of fn'avity greatest f 89. In what proportion OOM 
gravity decrease above the surface of the earth i 90. Give an example to show 
this. 91. If there v/ere hut one body in the universe, what would be its 
weight .' Why ? Would cohesive attraction exist.' 92. Is the attraction b^ 
tween bodies mutual f What followx from this f Why do we not see ths 
earth rise to meet falling bodies P What example is given to illustrate tliisf 
83. What is aaUI of the extent of the newer of mutual attractiou? 
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91. The direction in which falling hodies approach the snrfkee ol 
the earth, is called a vertical, or plumb line. Such pig. 2. 

fines are ererjwltere perpendicular to the surface, 
tnd when prolonged will meet nearly at the centre 
of the earth. For this reason no two lines sus- 
pended bjr weights, will be parallel to each other. 
Efen a pair of scales hanging perpendicular to 
the earth, are not exactly parallel, because they 
both point to the same spot, namely, tbe centre of 
the earth — but the convergence is so small, that 
their inclination is not perceptible to our senses. 
[See Fig. 2.] For the same reason no two bodies can fall to the 
earth in parallel lines. 

95. According to the laws of attraction, all bodies at 
an equal distance from the earth will fall to it in the 
same space of time, if nothing impede them. But bodies 
of different density fall with diflferent degrees of velo- 
city, on account of the resistance of the nir ; and as 
dense, heavy bodies, by their greater momentum (<See 
JVb. 133) overcome this resistance more easily than 
rarer or lighter ones, the former will fall with the greater 
velocity. 

96. The resistance which the air opposes to the fall 
of bodies, is proportioned to their surface, not to their 
weight. 

97. Heavy bodies can be made to float in the air, instead of falling 
unmediately to the ground, by making tbe extent of their surface 
coanterbalance their weight. Thus ^old, which is one of the 
heaviest of all substances, when spread out into tliin leaf, is not at- 
tracted by gravity with sufficient force to overcome the resistance 
of tbe air ; it therefore floats in the air, or falls slowly. 

98. All substances of whatever nature are influenced 
by gravity, in exact proportion to their density.* 

Even air itself, light as it seems, is subject to this attraction. The 
airt probably extends to a height of more than forty-five miles above 

* This Uw miMt be regarded in connexion witii that stated in Number 89. 

t We hare no meatig of ascertaining the exact height to which the air ex* 
tends. Sir John Hersche) aaya, ** Laying out of consideration all nice questions 
as to tbe probable existence of a definite limit to the atmosphere, beyond which 

94. What is a vertical or plumb line .' How are these lines situated with 
retard to the earth*s surface f Where '3rill these lines meet, if prolongeJ f 
Why are not two lines suspended by weights parallel ? Are not a pair of 
scales, hanging perpendicular to the earth, parallel f Why f Whv do they ap- 
pear parallel T Can any two bodies fall to the earth in parallel lines i 95. 
What is the reason that all bodies, at equal distances from the earth, do not fiill 
in the same space of time f What bodies full with the greatent velocity f 
9P. To what is the resistance of the air, in falling bmlieH, proportioned f 97. 
How can heavy bodies be made to float in the air f Give an example to illue- 
tiate this. 98. In what proportion are all substances luflueuced by gravity t 

2 
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the surface of Ibe earth. The pressure of the upper parts of Um 
atmosphere on those beneath, rendeis the air near the surfiice of Ihs 
earth much more dense than that in the upper regions. This pres- 
sure is caused bj the attraction of the earth, or, what is the same 
thing;, Ihe weight of the air above ; and it would cause the air to 
fall Tike other bodies completely to the earth ; were it not for the 
elasticity [See JVo. 7i>,] of that portion which is near the surface. 

99. The air therefore of which the atmosphere is composed, ex- 
ists in a state of constant compression, and is heavier near the sur- 
face of the earth, and grows lighter as we ascend. Gravity brings 
the particles together, while elasticity gives them a constant ten- 
dency to expand. Gravity thus confines the air to the region of 
the earth, while elasticity prevents it from falling like other bodiea 
to the ground. 

100. The specific gfavity of bodies is a term used to 
express the relative weight of equal quantities of differ- 
ent bodies. 

We know that a piece of lead will weigh more than a piece of 
wood of the same size. A piece of wood will weigh more than a 
piece of cork of the same dimensions, and cork will weigh more 
than a portion of air, smoke, or vapor of the same extension. Hence 
we say that the specific gravity of cork is greater than that of air, 
the specific gravity of wood is greater than that of cork, and the 
■pecific ffravity of lead greater than ihat of wood, &c. 

101. From what has now been said with respect to the attraction 
of gravitation and the specific gravity of bodies, it appears that 
although the earth attracts all substances, yet this very attraction 
causes some bodies to rise and others to fail. 

102. Those bodies or substances, the specific gravity of which is 

greater than that of air, will fall, and those whose specific gravity is 
«s thsm that of air will rise ; or rather, the air being more strongly 
attracted will get beneath them, and, thus displacing theih, will 
cause them to rise. For the same reason, cork and other light sub- 
stances will not sink in water, because the specific gravity of water 
being greater, the water is more strongly attracted and will be 

there !• absolutely and rigorously speaking no air, it is clenr, that for all prncti- 
oal purposes we may speak of those regions whicii are more (Ii:<tniit above the 
earth^s surfhce than the hundredth part of ii.-* diainefer as void of air, and of 
course, of clouds (which are noihinir bin visible vai»ors, diff.ised niul lloHting 
In the air, sustained by it, and rendering it turbid, as uind does waier). It 
seems probable from many indications, that the {irealest height at which visible 
clouds ever exist, does not exceed ten niileM', ai which height the density of 
Ihe air is about an ei<;hth part of what it is at the level of the sea. 



Is air affected by it .' How far does the air extend above the surfare of the 
earth ? What causes the air to be more dense at ihe surface of the earth? 
What causes this pressure .' Why does not ilie air fill to ihe' earth lilte other 
bodiKj? f-Q. Where is the air heaviest ? What e/l'ect have gravity and elasti- 
city upon the air .' 100. What is sf»e«ifir gravit> ? Illustrate this lOl. Does 
Ih' attraction of the earth cause all bodies to tail ? 102. What bodies will fnll f 
V aat rise .' How does the air cause them to rise ? Why do uot corJi and oilitf 
t^ht bodies sink iu water f 
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drawn down beneath them. IFor a table of the ftp'-rifie grnmfy of 
hodies, sc€ Hydrostatics.] 

1(!3. The principle which causes balloons to rise, is the same 
which occasions the ascent of smoke, steam, &c. The materials of 
which a balloon is made, are heavier than air, lint their cxtrusioa 
n^reatly increased, and thev are filled with an elastic fluid of a 
diflSeient nature, specifically lighter than air, «»o thnt on th** whol^ 
the balloon when thus filled is much lighter than a portion of air of 
the same size or dimensions, and it will consequently rise. 

104. Gravity, therefore, causes Ix'dies which are lighter than air 
to ascend, those which are of equal weight with air to remain sta- 
tionary, and tliose which arc heavier than air to descend ; hut the 
rapidity of their descent is affected by the resistance of the air* 
which resistance is proportioned to the extent of the surface of the 
ialling body. 

105. From what is stated in number Oo.it appears that as a dense 
body, such for instance as a piece of metal or nn.ney, is morf strong- 
ly attracted by the earth than a rarer (that is to say, a light«'r) one, 
its momentum will enable it to overcome the resistance of the air 
moie readily, and that it will consequently fall to the ground more 
quickly than a lighter one. But if the resistance of the air cuuld be 
removed, they would both fall in precisely the same time. [This 
wUl be Ulustratcd by experiments in Cffniiciion irlth PncunuitfCif.] 

lUC. It hos been stated {See j\o. 88) that the force of gravity is 
the greatest at the surface of the earth, and decreases both upwards 
and downwards, but in dilferent degrees. But tiie diminution of its 
force at so small a distance as that to which the atmonphere txtends 
is so inconsiderable, compared with the size of the earth, as to be 
scarcely perceptible. 

107. The greatest height ever attained by man in balloons, or on 
the summit of the highest mountains, scarcely exceeds a thousandth 
part of the distance from the centre to the surface of the earth. 
Although, therefore, it is true that the air near the surface of the 
earth is more strongly attrncted than that in the upper regions of 
the atmosphere, yet the difference is so exceedingly sm.ill, that it is 
imperceptible. But the weiglit of the upper air resting upon the 
lower {its is stated in JVo. 98.) compresses it into smaller volume, 
and thereby increases its density. This increase of its density causes 
a corresponding increase of its specific gravity. [See JNo. 100.] 

108. The pressure of the atmosphere has been compared to that 
of a pile of fleeces of wool, in which the lower fleeces are pressed 
together by the weight of those above. The uppermost fleece, re- 
ceiving no external pressure, is confined merely by the force of its 
own gravity. 

^»^— ■— ' ■!■ ■! I II.-.I...II .^ — ■ - - - - I — ■ -■ I ■■ ^ ■ 111 

103. Explniii llie principle upon which ballooiis rise ? 104. What efTect 
has gravity on bodies lighter than the air j* What etfert on bodies uf equal 
weieht ? Whnt eflTect on those that are henvicr .' What afTectst the rapidity 
of their descent? To what is the resistance of the air proportioned.' 105. 
Which Ih more strongly attrncted by the earth, a (feiise or a rare body? 
What foIlowM from this f How can they he made to fall in the same 
U.iie f 106. Where is gruviJy the jireatest ? Why is not the diminution of it, 
as we go from the surface of ilie earth, very apparent ? 107. What is the greatest 
height in the air ever attained by man.' 108. To what has lite pressure of tim 
atmosphere been compared f 
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109. Smoke consists of minute particles of fuel carried up by 4 
current of heated air from the fire below. As heat expands aU 
bodies [Sec Ko. CO,] it consequently rarefies (that is, expands) air, 
and renders it lighter than the colcler air of the atmosphere. The 
heated air from the fire carries up with it vapor and small particlet 
of the combustible materials which are burning in the fire. When 
this current of hot air is cooled by mixing with the atmosphere, the 
minute particles of coal or other cornbuMttbles fall, and it is thif 
which produces the small black flakes which frequently render the 
air, and every thing in contact with it so dirty. This is particularly 
the case in large cities, where bituminous coal is used for fuel. 

110. From what has now been stated, it appears that gravitation 
is the force which occasions the fall of bodies ; cohesion, that which 
binds the particles of bodies together ; and heat, a force which drivet 
them asunder. These three powers may be comprehended andeff 
two names, Attraction and Repulsion. 



SECTION IV. 
Mechanics^ or the Laws of Motion, 

111. Mechanics is that branch of Natural Philosophy 
which relates to motion, and the moving powers ; their 
nature and laws, with their effects in machines, &c. 

1 12. A body is in motion whenever it is changing its 
situation with regard to a fixed point. Motion therefore 
is a continued change of place. 

113. On account of the inertia [See Ab. 51,] of all 
matter, a body cannot put itself in motion, nor when it 
is in motion can it stop itself. 

114. The power which puts a body into motion is 
called a force, — and the power which has a tendency 
to stop or impede motion is called resistafice. 

Thus the stroke of a hammer is the force wliicli drives a nail ; 
the pulling of the horse is the force which draws the carriage. 
Force, then, is the cause which produces motion. [See fCo. 112.] 

115. The motion of a body impelled by a single force 

109. Of what does smoke consist f What effect hns hent upon Uoilies? What 
follows flrom this? Wliat produces the small bincli Hiikes which lrei|iieiitiy 
Scat in the air f 110. What is nrravjiatioii .^ Cohesion f Heat? TiHler 
what names may these powers he comprehended ? 111. What is .Mechanics f 
112. What is motion f 113. Why cannot a hody put itself in motion .' Why 
cannot a bodv stop itself when in motion i lit. What ii* force .' Wliai is re 
•istance f What illustrations are ffiven f 115. When is the uiotiou of a body 
in a straight Hue ? la what directiou will it move ? 
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IS always in a straight line, and in the same direction in 
nrhich the force acts. 

1 16. The rapidity with which a body moves is called 
its velocity. 

117. The velocity of a moving body is always pro- 
portional to the force by which it is put in motion ; and 
vhat is gained in power is lost in time. 

118. The velocity of a moving body is determined by 
the time that it occupies in passing through a given 
space. The greater the space, and the shorter the time, 
lie greater is the velocity. 

Thus, if one body go through six miles in an hour, and another 
through twelve miles iii the same time, the velocity of the latter is 
double that of the former. 

1 19. Velocity is sometimes called absolute, and some- 
times relative. Velocity is called absolute when the 
motion of a body in space is considered without refer- 
ence to that of other bodies. 

When, for instance, a horse goes a hundred miles in ten hours, 
his absolute velocity is ten miles an hour. 

l!20. Velocity is called relative when it is compared 
with that of another body. 

Thus, if one horse travel only fifty miles in ten hours, and an- 
other one hundred, in the same time, the absolute velocity of the 
first horse is five miles an hour, and that of the latter is ten miles; 
bat their relative velocity is five miles. 

121. The velocity of a body is measured by the space 
over which it moves, divided by the time which it em- 
ploys in the motion. 

Thus, if a body move one hundred miles in twenty hours, the 
velocity is one hundred divided by twenty, that is, five miles an 
hour. 

122. The time employed by a body in motion may be 
ascertained by dividing the space by the velocity. 

Thus, if the space be one hundred miles, and the velocity five 
miles in an hour, the time will be one hundred divided by five, 
which is twenty hours. 

116. Whal ia mennt hy velociiv ? 117. To what in the velocity of a movinf 
body proportional f 118. How is the vf>loci(y of a nriovin;; liody 'ietenniiied? 
If one timly go through six miles in tin hour, and another twelve, how <ioeti the 
vekicity of the latier compare with that of the former? 119. Whai is mennt by 
i^otnie velocity .' Cive an example. 120. When is the veloriiy of a body 
termed relative f Give an eK:im|»le. 121. How in the velocity of a body meaa- 
■red? llloKtrate this. 122. Huw do you ascertain the time eiu ployed by a 
body in jnotioii i lUustnite this. 

2* 
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123. The space also may be ascertained by muUipl|i- 

ing the velocity by the time. 

Thus if the velocity be five miles an hour, and the time twea^ 
hours, the space will be twenty multiplied by five, which is oap 
hundred miles. 

124. There are three terms applied to motion to ex^ 
press its kind ; namely, uniform, accelerated, and ift- 
tarded motion. 

125. Uniform motion is that of a body passing OTif 
equal spaces in equal times. 

126. Accelerated motion is that in which the velocitf 
continually increases as the body moves. 

127. Retarded motion is that in which the velocilf 
decreases as the body moves. 

128. Uniform motion is produced by a force having 

acted on a body, and then ceasing to act. 

A ball struck by a bat. or a stone thrown from the hand, is in 
theory an instance of uniform motion ; and if both the attraction ci 
gravity and the resistance of the air could be entirely removed, it 
would proceed onwards in a straight line, and with a uniform mo- 
tion for ever. But as gravity and the resistance of the air tend to 
deflect it, it in fact becomes an instance of accelerated or retarded 
motion. 

129. Accelerated motion is produced by the continued 
action of one or more forces. 

Thus, when a stone falls from a height, the impulse which it 
receives from gravity would be sufficient to brin^ it to the ground, 
with a uniform velocity. But the stone while falling at this rate is 
still acted upon by grravtty with an additional force, which continues 
to impel it during the whole time of its descent. 

130. It is found that during the first second it falls sixteen feet, 
three limes that distance in the next, five times in the third, seven 
times in the fourth, and so on, regularly increasing its velocity ac- 
cording to the number of seconds consumed in falhng. The hieight 
of a building, or the depth of a well, may thus be measured by ob- 
serving the length of time which a stone takes in falling from the 
top to the bottom. 

131. Retarded motion is produced when a body in 

123. How can yon ascertain the apace f Illustrate this. 124. How roaay 
terms are applied to motion to express iu kind * What are they ? 125. What 
la aniform motion f 126. Accelerated ? 127. Retarded f 128. How is uniflirm 
motion produced f Why is not a ball struck by a bat, or a stone thrown from 
the hand, an instance of aniform motion f How can it be made an instance t 
129. How is accelerated motion produced ? Give an instance of accelerated 
motion. ISO. How far does a stone fall the first second of time? The second' 
Third i Fourth ! How can yoa measure the height of a building, or the depth 
•TaweUf 
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mottoQ encounters a force operating in an opposite di - 
rection. 

Thus when a ftone it thrown perpendicularly apwardf , the force 
of gravity is continually operating in tlie opposite direction, and at 
tracting it downwards to the earth. The stone moves upwarda 
slower and slower, until the upward motion ceases, and the body 
returns with accelerated motion to the earth. It is found that when 
a body is thrown perpendicularly upwards, it takes the same length 
of time in ascending that it takes in descending. 

132. Perpetual motion has never yet been produced by art ; and 
there is reason to think, from the principles ofmechanics, that such 
a movement is impossible ; for although in many cases of bodies 
actins^ upon one another, there is a gain of absolute motion ; yet the 
eain 18 always equal in opposite directions, so that the quantity of 
direct motion is never increased. But nature abounds with exam- 
ples of perpetual motion, as for instance, the motion of the heavenly 
bodies, described in the science of astronomy. 

133. The momentum of a body is the force or power 
with which a moving body would strike against another 
body. 

134. The momentum of a body is measured by m,ulti- 
plying its weight by its velocity. * 

135. niustration. Thus, if a body weighing six pounds move at the 
rate of two miles in a second of time, its momentum may be repre- 
sented by six multiplied by two, which is equal to twelve. If a 
body weighing twelve pounds, move at the rate of four miles in 
the same time, its momentum will be represented by twelve, multi- 
plied by four, which is forty -eight. 

The quicker a body moves, the greater will be the force with 
which it will strike against another body ; so that a small, light 
body may have a greater momentum than a large, heavy one, pro- 
vided its velocity oe sufficiently great. For instance, the momen- 
tum of an arrow, shot from a bow, is greater than that of a stone 
thrown from the hand, if its velocity be greater. 

* The quantity of motion commanicsted to a body does not afTect the dura- 
tion of the motion. If but little motion be communicated, the body will movs 
iriowly. If a great degree be imparled, it will move rapidly. But in both cases 
the BMHion will continue until it w destroyed by some external force. 



ISl. How is retarded motion produced t Give an example. How does tha 
time of the ascent of a bodv thrown perpendicularly upward, compare with 
that of its descent ' 132. Why cannot per|»etual motion be produced f 133. 
What is the momentum of a body f 134. How can the momentum of a body be 
aecertained i Note. Doe^ the quantity of motion communicated to a body 
nfkct the duration of the motion ! If but little motion is communicated, how 
will the body move f If a creat degree f How long will the motion continue ( 
1S5. How can a light body be made to have a greater momentum than a h«avy 
one f Give an instance of this. 
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136. By the ctction of bodies is meant the effect which 

they produce upon other bodies. By reaction is meant 

the effect which they receive from the bodies on which 

they act. 

Thus, when a body in motion strikes against another body, it 
acts upon it, or produces action ; but it also meets with resistance 
from tne body which is struck, and this resistance is the reaction of 
the body. 

137. Action and reaction are always equal, but in 
opposite directions. 

138. Experiments to show the mutual action and reaction of 
bodies, are made with both elastic and non-elastic 
bodies. [See Ko. 79, and the note connected with it.] P^* S* 
Fig. 3 represents two ivory balls, A and B, of equal ~^ 
weight, &c. suspended by threads. If the ball A be 
drawn a little on one side and then let go, it will 
strike against the other ball B, and drive it off to 
A distance equal to that through which the first ball 
fell; but the motion of A wiU be stopped, because 
when it strikes B it receives in return a blow equal to that which it 
gave, but in a contrary direction, and its motion is thereby stopped, 
or, rather, given to B. Therefore, when a body strikes against an- 
other, the quantity of motion communicated to the second body is 
lost by the first ; but tliis loss proceeds, not from the blow j^iven by 
the striking body, but from the reaction of the body which it struck. 

139. Fig. 4 represents six ivory balls, of equal weight, suspended 
by threads. If the ball A be drawn out of the perpendicular, and let 
fall against B, it will communicate its motion to B, and receive • 
reaction from it which will stop its own motion. 

But the ball B cannot move without moving C, it pj^. 4 
will therefore communicate the motion which it 
received from A to C, and receive from C a reac- 
tion which will stop its motion. In like manner the 
motion and reaction are received bv each of the 
balls, D, E, F ; but as there is no ball beyond F to 
react upon it, F will fly off. 





N. B. This experiment can be accurately per- a BCDE F 
formed by those bodies only which are perfectly 
elastic. 

140. Fijr. 5 represents two balls of clay, (which are not 
elastic) ofequal weight, suspended by strings. If the ball 
D be raised and let fall against E, only |>art of the mo- 
tion of D will be destroyed by it, (because the bodies are 
non-elastic, and the two balls will move on together to 
d and s, which are less distant from the vertical line 
than the ball D was before it fell. Still, however, ac- 
tion and reaction are equal, for the action on E is only enough to 




198. What Is meant by action f Bea^ilton? inuatrate this. 137. How do 
MU<m and reaction compare i Explaih Fig. Sd. Fig. 4th. Fig. 6th. 
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make it move tiiroajjrh a amaller apace, but ao much of D*9 motion 
is now also destroved.* 

141. It is upon the principle of action and reaction, that birds are 
enabled to fl^. They strike the air with tlieir wings, and the reac- 
tion of the air enables them to rise, fall, or remain stationary at will, 
by increasing or diminishing the force of the stroke of their wings.t 

142. It is hkewise upon the same principle of action and reaction, 
that fishes swim, or, rather, make their way through the water, 
narnely, by striking the water with their fins.l 

143. Boats are also propelled by oars on the same principle, and 
the oars are liAed out of the water, afler every stroke, so as com- 
pletely to prevent any reaction in a backward direction. 

144. The word reflected means turned back. Motion, 
therefore, which is turned back is called reflected motion. 

Thus, when a ball is thrown against a hard wall, it rebounds, or 
is turned back. This return of ue ball is called reflect(>d motion, 
and it is caused by the reaction of the wall againnt which it struck. 
Reflected motion, therefore, is caused by reaction. 

145. As reflected motion is caused by reaction, and reaction is 
caused by elasticity , it follows that reflected motion is always great- 
est in those bodies which are most elastic. For this reason, a ball 
filled with air, rebounds better than one stuflt'd with bran or wool, 
because its elasticity is greater. For the same rcasDn, balls made 
of caoutchouc, or India rubber, will rebound more than those which 
are made of most other substances. 

146. The word incident, means falling upon, or di- 
rected towards. Incident motion, therefore, is motion 

* Figs. S and 4, m has been explained on the preceding page, show the eflbct 
of action and reaction in elastic bodies, and Fig. 5 showM the same efTect in 
non-elastic bodies. When the elasticity of a body is imperli'Ct, an intemiedints 
effect wilt be produced ; that is, the ball whirh is struck \vill rise higher than 
fall ca«e of non-elastic bodies, and less so than in that of perfectly elastic bodies; 
and the striking hall will be retarded mure than in the former case, but not 
■topped completely, as in the letter. They will, therefore, both move onwards 
after the blow, but not together, or to the same dii$ta)ic« ; but in this, as in the 
preoeiing cases, the whole quantity of motion destroyed iu the striking ball, 
will be equal to that produced in the ball struck. 

t Tbe muscular power of liirds is much greater In proportion to their weight, 
than that of man. If a man were fiirnished with wings suflicienlly large to 
enable him to fly, he would not have sufficient strength, or muscular power, to 
put them In motion. 

X The power possessed by fishes, of sinking or rising In the water, is greatly 
assisted by a peculiar apparatus furnished them by nature, called an air-blndden 
by tlie expansion or contraction of which they rise or Ihll, on the principle or 
specific gravity. 



141. Upon what principle do birds fly ? Explain how. 142. Upon what prin- 
ciple do fishes swim ? 1 43. Upon what principle do boats move upon the water ' 
Explain how, 144. What does the word reflected mean ? What is reflected 
motion? 145. In what bodies is reflected motion the greatest.' Give an m- 
■tance to illustrate this. 146. What does the word inciiient, mean ? What 
is Inciilelit motion .' What is reflected motion t What is the ball called that 
strikes against a wall ? When it rebounds i 
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directed towards any particular object. Reflected ro< 
tion is the same motion turned back. 

When a ball strikes against a wall, it is called the incident bal 
and when it rebounds from the wall, it is called the reflected balL 

147. The angle * of incidence is the angle formed I 

* As this book mHy fall into the hands of some who are unacquainted wl 
the meaning of angle, perpendicular, the divisions of a circle, &c. a few expfau 
tions are here subjoined. 

1. An angle is the opening made by two lines which meet together in apoii 
The size of the angle depends upon the opening, and not upon the length of I 
lines. 

2. A circle is a perfectly round figure, every 
part of the outer edge of which is equally distant 
ftom a point within, called the centre. [5ee 
Fig' 6.] 

3. The straight lines drawn fVom the centre 
to the circumference are called radii. [The sin- 
gu/ar number of this word is radius.] Thus, in 
Fig. 6, the lines CD, CO, CR, and CA, are radii. 

4. The lines drawn through the centre, and 
terminating in both ends at the circumference, 
are called diameters. Thus, in the same Figure, 
D A is the diameter of the circle. 

5. The circumference of all circles is divided 
into 360 equal parts, culled degrees. The diameter of a circle divides it b 
two equal parts olf'180 degrees each. 

6. All angles are measured by the number of degrees which they cents 
Thus in Fig. 6, the angle RCA as it includes one quarter nf the circle, is 
angle of 90 degrees, which is a quarter of StiO. And the angles R C O and O ( 
are angles of 45 degrees. 

7. Angles of 90 degrees are right angles ; angles of less than 90 degrees, ac 
angles, and angles of more than 90 degrees are called obtuse angles. Thos 
Fig- 6, R C A is a right anule, OCR acute, and OCA obtuse angles. 

8 A perpendicular line is a line which makes an angle of 90 degrees on e 
side of any other line or surface ; therefore, it will incline neither to the one i 
nor to the other. Thus, in Fig. 6, R C is perpendicular to D A. 

B. The tangent of a circle is u line which touches the circumference, wiib 
cutting it when lengthened at either end. Thus, in Fig. 6, the Hue T is a I 
gent. 

10. A square is a figure having four equal sides, and four equal ang 
These will always be right angles. [See Fiff. 8.] 

11. A parallelogram is a figure whose opposite sides are equal and para! 
[See Fiffs. 9 and 10.] A squve is also a parallelogram. 

12. A rectangle is a parnllelogram whose angles are right angles. 

13. The diagonal of a square, of a parallelogram, or a rectangle, is a 
drawn through either of them, and terminating at the opposite angles. Tl 
in Figs. 8, 9 and 10, the line A C is the diagonal of the square, parallelogr 
or rectangle. 

147. What is the angle of incidence f (Note. — 1. What is an angle i U 
what ducH the size of an angle depend f 2. What is a circle f 3. What 
radii? What lines in Fig. 6 are radii .' 4. What are diameters.'' In Fi) 
what line is the diameter f 5. How is the circnniference of all circles divid 
Into how many parts does the diameter of a circle divide it i 6. How arc 
angles measured f Illustrate this by Fig. 6. 7. flow many degrees do r 
angles contain.' Acute.' Obtuse? Illustrate these angles by Fig. 6. R. W 
is a perjiendicnlar line .' What line is perpendicular in Fig. 6 ? 9. What 
tangent f What line is a tangent in Fig. 6 f 10. What is a square f 
What is a parallelogram .' 12. A rectangle ? 13. What is a diagonal t W 
lines are diagonal in Figs. 8, 9, and 10 f ) Explain the angle of incidence 
flfuro 7tli. 
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he line which the incident body makes in its passage 
owards any object, and a line per- F^g. 7. 

)eDdicular to the surface of the ob- -•.^ 

€Ct. 

Thus, in Fig. 7, the line ABC repre- P — ^ ^ 

lente a wall, and JP B a line perpendicular -—'"'"* 

-o its surface. O is a ball moving in the di- ^•'^'^ 

ipction of the dotted line, O B. The angle ^ 
!) B P is the angle of incidence. 

148. The angle of reflection, is the angle formed by 
:he perpendicular, and the line made by the reflected 
3ody in its passage, from the surface against which it 
struck. 

Thus, in Figure 7th, the angle P B R is the angle of reflection. 

149. The angles of incidence and reflection are al- 
ways equal to one another. 

Thus, in Figure 7th, the angle of incidence, O B P and the an- 
gle of reflection P B R are equal to one another ; that is, they con- 
tain an equal number of degrees. 

150. From what has now been stated with regard to 
the angles of incidence and reflection, it follows, that 
when a ball is thrown perpendicularly against an object, 
it will return in the same direction ; but if it be thrown 
obliquely, it will return obliquely on the opposite side 
of the perpendicular. The more obliquely the ball is 
thrown, the more obliquely it will rebound.^ 



SECTION V. 

HuhanicSy or the Laws of Motion, continued. — Compound 

Motion, V 

151. Compound motion is that which is caused by the 
operation of two or more forces at the same time. 

* It is from a knowledge of these fkcts that skill is acquired in many difiereat 
lorts of games, as Billiards, BagHtelle, dec. 

148. What is the anj;Ie of reflection ? Illustrate this by Fig. 7. 149. How 
do the angles of incidence and retiection compare with each other i Illustrate 
this by Fig. 7. 150. What fallows from what has been slated with r^ard to 
the a^leii of incidence and rellection. 1.51. Wh»t is oompotmd motion i 
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Fig. 9. 



152. When a body is struck by two equal forces b 
opposite directions, it will remain at rest. 

153. A body struck by two farces in different diree* 
tions, will move in a line between them. This line w3 
be the diagonal of a parallelogram, having for its si^ 
the lines through which the body would pass, if actuated 
by each of the forces separately. 

154. Illustration 1st. Fig. 8 represents a ball struck by the tw 
equal forces, X and Y. In this figure, the forces are inclined It' 
each other at an an^le of 90 decrees, or a right Fif* 8. 
angle. The force X would send it from C to B, j^ 
and tJie force Y would send it from C to D. As 
it cannot obey both, it will go between them to A , 
and the line C A, through which it passes, rep- 
resents the diagonal of the square, A B C D. 
The time occupied in its passage from C to A will 
be the same as the force X would require to 
send it to B, and the force Y to send it to D. 

155. Illustration *2d. If the two forces acting 
on a body are unequal, but still operate at right 
angles to each other, the body will move from 
C to A as represented in Fig. 9 ', in which it is 
to be observed that the force Y is as much 
greater than the force X, as the length of the 
side A B of the rectangle A B C D, exceeds 
the length of the side C B. 

15C. Illustration Zd. When two forces op- 
erate in the direction of an acute angle, [See 
Fig. 10,] the body will move, as represented 
by C A in the parallelogram A B C D. 



Illustration 4th, If the forces operate in the direction of an ob- 
tuse angle, the body will move as represented by D B in the tame 
figure. 

157. Circular motion, is motion in a circular diree- 
tion, and is caused by two forces operating at the same 
time, by one of which it is projected forward in a 
straight line, while by the other it is deflected towards a 
fi.Yed point. 




Fig. 10 




162. In what direction will a body, struck by two equal forces fn oppnaitt 
directions, move .^ 153. In difTerent directions? What is this line called ? lllM- 
Iraie IheHC first, by Fig. 8, which represents a ball siniclt by two equal Ibrers 
ludiflerem direciions. Second, by Fig. 9, which represents a ball struck by 
two unequal forces, acting at right angles. 1 bird, by Fig. 10, where the forces 
operate in the direction of an acute angle. Fourth, by Fig. 10, where the 
forces operate in the direction of an obtuse angle. 157. Wbtit Is circular iito> 
Hon f Jlow is It oausad I 
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158. Uhatration, The whirling of a ball, fastened to a strinpr 
Jield by the hand, is an instance of circular motion. TiiL' ball ig 
actaated by two forces, namely, the force of projection, and the 
fUnng which confines it to the hand. The two f )rce8 act at right 
angles to eaeh other, and {according to JYb. 153.) the ball will move 
ID the diagonal of a parallelogram. But, as tlie force which con- 
fines it to the hand only keeps it within a certain distance, without 
drawing it nearer to the hand, the motion of the bull will be through 
the diagonals of an infinite number of parallelograms, formed by 
erery [Kurt of tlie circle. 

159. The cecftre of motion is the point around which 
all the parts of a body move. When the body is not 
of a size or shape to allow every point to revolve in the 
same plane, the line around which it revolves is called 
the axis of motion. The centre or axis of motion is not 
always in the middle of a body. 

160. The force which confines a body to the centre 
round which it moves, is called the Centiipetal* force. 
The force which compels a body to fly off from the 
centre, is called the Centrifugal* force. These are 
called central forces. 

161. If the centrifugal force of a revolving body be 
destroyed, the body will immediately approach the cen- 
tre which attracts it ; but if the centripetal force be 
destroyed, the body will fly off in the direction of a tan- 
gent of the circle which it described in its motion. 
[Set Fig. 6.] 

162. Illustration. If a mop filled with water be turned swiftly 
round by the handle, the threads which compose the head will fly 
off from the centre; but being confined to it at one end, they can- 
not part from it; whilst the water they contain, being unconfined, 
is thrown off in straight lines. 

163. The middle point of a body is its centre of mag- 
nitude. 

164. The centre of gravity is the point about which 
all the parts balance each other. 

♦ The word centripetal means see1<ing the centre, and centrifugal means 
flying fVom the centre. In circular motion, these two forces constantly balance 
each other*, otherwise the revolving body will either approarh the centre or 
recede from it, according as the centripetal or ceiitrirugal force is the stron<;er. 

158. Illustrate this- 159. What is the centre of motion ? What is the axis ol' 
motion ? 160. What is the centripeinl force.? Whjit is the cenrrtfii-iHl force * 
What are the centripetal and centrifiigiil forces culled ? lui. Wh:it would 
Le the consequence if the ccntrifnsjal and centripoi.tl forces were destroyed. 
or did not balance each otherP What is the meaiiin;&r of the wonis centripetiu 
and centrifugal * 163. What ia the centre ^f magnitude.' 164. What is the ceo- 
tre of gravity f 

3 
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165. The centre of motion is geaeraily supposed t( 
be at rest. 

Thus the aiia of a spinning top » slatinnnrj, while everj otbit 
part is in motian around it. Thesiin of moiioii and tLe c«atre ol 
motion aie terms wliich relate only to circulai molioD. 

166. Those parts of a body which are farthest fron 
the centre of motion, move with ths greatest velocity 
and the velocity of all the parta diminiahea, as their dis 
tance from the axis of motion diminishes. 

167, Itltietralion 1st. Fif , 1! representB the vanes of a wind 
mill. The circles denote the patlis in which the difierent parts d 
the vanes move. M ia the centre or axis of Fig. 11. 

motion around which all the parts revolve. 
The outer part revolves in the circle D E F 
G, another part revolves in the circle H I J 
K, and the inner pan in the circle L N O P. 
Consequently, as tliejr all revolve around M 
in the same time, the velocll; of the parts 1 
which r^ynlve in the outer circle* D E F O 
and H IJ K is as much greater tlian the 
Telocity of the part which revolves in the 
inner circle, L N P, os the outer circlet b 

■re larger than the inner ones. 

16tj. As the earth revolves round iti axis, it foltowe, rrom lb 
preceding illustration, that the portions of the earth which inoTi 
most rapidly are nearest to the equator, and that the nearer ani 
portion of the earth is to the poles, the slower will l>e its moti™. 

169. Motion, either In a circle or ellipsis, or anj 
other curve line, must be the result of the action of twi 
forces ; for, the impulse of one single force always pro 
duces motion in a right or straight line. 

no, A ball thrown in a horizontal direction is in 
fluenced by three forces ; namely, first, the force ol 
projection, (which givea it the horizontal direction ; 
second, the resistance of the uir through which i 
passes, which diminishes its velocity, without changin< 
its direction ; and third, the force of gravity whicl 
finally brings it to the ground. 

what do llis lerim conin of niuilnn and n^ia or innitDO rel»M? (86. Wlia 

Tl^^l!"iea"Wv,bvu n"ito3 In 'a'DlKrs''ir'*l^^e lliIitlwa.lT tbi 
tmahl Wbr! 190. HowmaDy AwsMWlupona baUlbiuwalaahorluBW 




MECHANICS. 87 

The force of projection is grradually overcome by the power of 
grayitji and the resistance oi the air, and the body is brought to 
the ground. 

171. The stronger the projectile force, the farther 
the body will go before it falls. 

For this reason, a shot fired from a cannon will go much farther 
ihan a stone thrown from the hand.* 

1?2. JUustration. Fig. 12 represents a cannon, loaded with a ball, 
and placed on the top of a tower, at such a height as to require just 
three seconds for another ball to de- Fig. 12. 

nend perpendicularly. Now sup- 
pose the cannon to be fired in a hor- 
izontal direction, and at the same 
instant the other ball to be dropped 
toward the ground. They will both 
reach the horizontal line at the base 
of the tower at the same instant. In 
this figure a represents the perpen- 
dicaiar line of the falling ball. C b the curvilinear path of tho 
projected ball, 3 the horizontal line at the base of the tower. Dar- 
ug the first second of time, the failing ball reaches 1, the next 
lecond 2, and at the end of the third second it strikes the ground. 
Meantime, that projected from the cannon, moves forward with 
such velocity, as to reach 4 at the same time that the falling ball 
reaches 1. But the projected ball falls downward exactly as fast as 
the other, since it meets the line 1 4, which is parallel to the hori- 
zon, at the same instant. During the next second the ball from 
the cannon teaches 5, while the other falls to 2, both having d^y 
scended through the same space. During the third second the pro- 
jected ball will have spent nearly its whole force, and therefore its 
downward motion will be greater while the motion forward will be 
less than before. 

173. From hence it appears that the horizontal motion does not in 
the least interfere with the action or the effect of gravity ; but that 

•The action of gravity being always the same, the shape of the curve of every 
projectile (See No. 39,) depends on the velocity of its motion. But, whether 
tbi« velocity be great or small, the moving body, if thrown horizontally ftom 
the same elevation, will reacti the ground at tlie same instant. Thus a ball 
'from a cannon, with a charge sulllcieut to throw it liHlf a mile, will reach the 
ground at the same instant of time that it would, had the charge been sufflcient 
to throw it one, two, or six niilea, from the same elevation The distance to 
which a ball will be projected, will depend entirely on the force with which it 
fa thrown, or on the velocity of its motion. If it moves slowly, the distance 
will be short — if more rapidly, the spuce pH.ssed over in the same time will be 
greater; but in both cases the descent of the ball towards the earth, in the same 
time, will be the same number of feel, whether it moves last or slow, or even 
whether it move forward at all, or not. 

What are they.' Why do bodies fall to the ground.' 171. Why do some 
bodies go Pirther than others before they fall ? What docs Fig. 12 represent ? 
Note. — Upon what does the shH})e of the curve of every projectile depend ? 
Does the time of the descent, if thrown horizontally, depend upon the veto- 
city f 11 ustrate this. Up(m what does the distance, to which a ball may be 
pr^ected, depend f What follows from this i 
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the projectile descends with the same rapidity while moving for- 
ward that it would if its motion were perpendicular to the horizon. 
This is the necessary result of the action of two forces, according to 
the principle stated in No. 153. 

174. A projectile is any body thrown into the air, as 
a rocket, a ball from a gun, or a stone from the hand. 

175. On account of the force of gravity and the re- 
sistance of the air, projectiles form a curve line both in 
their ascent and descent, and their motion is gradu- 
ally changed in their descent from a horizontal to a per- 
pendicular direction. 

176. Illustration. In Fig. 13 the force of projection would carry 
a ball from A to D, while gravity would bring it to C. If those two 
forces alone prevailed, the ball would Fig. 13. 

proceed in the dotted line to B (accord- 
ing to the principle stated in number 
153.) But as the resistance of tlie air 
operates in direct opposition to the force 
of projection instead of reaching the 
ground at B, it will fall somewhere 
about £. EC 

It is calculated that the resistance of the air to a cannon ball of 
two pounds weight, with the velocity of two thousand feet in a 
second, is more than equivalent to sixty times the weight of the 
ball. 

177. When a body is thrown upward obliquely, its 
course will be in the direction of a curve-line, called a 
parabola,* [See Fig. 14.] but when it ^^8* i*« 

is thrown perpendicularly upward, it ^ 

will descend perpendicularly, because 
the force of projection and that of grav- 
ity are in the same line of direction. 

* Tbe soience of guniiery is founded upon the laws relating to projectiles. 
The force of gunpowder is accurately ascertained, and calculations are predica- 
ted upon these princi()les, which enalile the engineer to direct his gnus in such 
a manner as to cause tlie f.dl of the shot or shells in the very spot where he in- 
tends. The knowledge of this science saves an immense expenditure of ammu« 
nition, which would otherwise be idly wiusted without producing any effect. In 
attacks upon towns and fortifications, the skilful engineer knows the means ho 
has in his fiower, and can calculate, with great precision, their e(!Vcts. It is in 
this way that the art of war has been elevated into a science, and much is made 
to depend upon skill, which, previous to the knowledge of these principles, de- 

. 174. What is a projectile ? 175. What line do projectiles form in their d©- 
•cenl ? Why is the direction of their motion gradually changed from a hori- 
Kontal to a peroeudicular direction ? Illustrate this by Fi:;. 13. How great la 
the re-si'stauce of the air calculated to be to a cannon ball of two pounds weight, 
with the velocity of 2000 feet in a second ? 177. In what direction will a body 
move, when it i* thrown upward obliquely ! When will a ball descend in the 
same direcliou In which it ascended t Why f 
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178. The random of a projectile is the horizontal dis- 
tance from the place whence it is thrown, to the place 
where it strikes. The greatest ran- 
dom takes place at an angle of 45 ^^ ^^' 
degrees — that is, when a gun is 
pointed at this angle with the horizon, 
the ball is thrown to the greatest dis- 
tance. 

Fi^. 15 cepresents a ^n or a carronade, 
from which a ball is thrown at an angle of 45 
degrees with, the horizon. 

J 79. When the centre of gravity of a body {See No, 
164) is not supported, the body will fall. 
180. The base of a body is its lowest side. The 

pended entirely open physical power. It is likewise by the same means that 
wars are rendered much lesa saoffainary in modern times. The force with 
which balls are thrown by gunpowder is measured by an instrument called the 
BallUtic pendulum. It consists of a large stock of wood suspended by a rod in 
the manner of a pendulum. Into this block the bulls are fired, and to it they 
eommunicate their own motion. Now the weight of the block, and that of th<) 
ball being known, and the motion or velocity of the block being determined by 
oiacliinery, or by observation, the elements are obtained by whidi the velocity 
of the ball may be found *, for, the weight of the ball is to the weight of the 
htock at the velocity of the block ie to the velocity of the ball. By this simple 
^paratua, many facts relative to the art of gunnery may be known. If the ball 
be fired at diflTerent distances, fVom the same gun, it will be seen how much re- 
siMauce the atmosphere opposes to its force at such distances. Rides and guns 
of smooth bores may be tested, as well as the various charges of powder best 
adapted to diflTerent distances and diflTerent guns. These, and a great variety of 
other experiments, useAil to the practical gunner or sportsman, may be made 
by this simple means. 

With respect to the velocity of balls impelled by gunpowder, it has been 
found that, with a common charge, from amii^fket, this is about 1650 feet per 
second, when first discharged. The utmost velocity that can be given to a can- 
non ball, is 2000 feet per second; and this only at the moment of its leaving 
the gon. 

lu order to increase the velocity from 1650 to 2000 feet, one half more powder 
is required ; and even then, at a long shot, no advantage is gained *, since, at the 
distance of 500 yards, the greatest velocity that can t)e obtained is oaly 1200 or 
1900 fl«t per second. Great charges of powder are therefore not only useless, 
bat dangerous*, for, though they give little additional foree to the ball, they 
hnard the lives of many by their bursting power. 

Experiment has also shown, that, although long guns give a greater velocity 
to the shot than short ones, still, that on the whole, short ones are preferable; 
■ad, accordingly, armed ships are now almost invariably furnished with short 
guna, called carrona<les. 

The length of sporting guns has also been greatly reduced, of late years. For- 
Merlj, the barrels were from four to six ll;et in length ; but the best fowling 
pieeea of the present day have barrels of two feet, or two and a half, only, in 
iength. Gont of about this length are now nniversnlly employed for such game 
•■ woodcocks, partridges, grouse, and such birds as are taken on the wing, w^ith 
Ike exceptions of ducks and wild geese, which require longer and heavier guns. 

178. What is the random of a projectile ? At what angle does the greatest 
random take place ? 179. When will a body full ? 180. What is the base of a 
body ? In Figs. 16 and 17, what represents the base.' 181. When will a body 
i When will it fhll f Illustrate this by Fig. 17. What follows firom tliU ^ 

3* 
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base of a body standing on wheels or p.^ jg 

legs, is represented by lines drawn ^ '^ n 

from the lowest part of one wheel or 

leg, to the lowest part of the other 

wheel or leg 

Thus, in Figures 16 and 17, D E represents '^^ * f 

the base of the wagon and of the table. 

181. Whenever a line drawn from the centre of 
gravity and perpendicular to the horizon fails within 
the base of a body, the body will stand, but when that 
line falls outside of the base, the body will fall or be 
overset. This line is called the line of direction, be- 
cause it is the line which the centre of gravity would 
describe, if the body were suffered to fall. 

182. Illustration, Fig. 17 represents a loaded wagon on the de- 
clivity of a hill. The line C F represents the horizon. DE the 
base of the wagon. If the wa^on be loaded in 

such a manner that the centre of gravity be at B, Fig. 17. 

the perpendicular B D will fall within the base, 
and the wagon will stand. But if the load be al- 
tered so that the centre of gravity be raised to A, 
the perpendicular AC will fall outside of the base, 
and the wagon will be overset. From this it fol- 
lows that a wagon, or any carriage, will be roost 
firmly supported when the centre of gravity falls 
exactly between the wheels ; and that is the case 
on a level road. The centre of gravity, in the human body, is be- 
tween the hips, and the base is the feet 

So long as we stand uprightly, the line of direction falls within 
this base. When we lean on one side, the centre of gravity, not 
being supported, we no longer stand firmly. 

183. A rope-dancer performs all his feats of agility by dexterously 
supporting the centre of gravity. For this purpose he carries a 
heavy pole in his hands, which he shifls from side to side as he 
alters hra position, in order to throw the weight to the side which 
is deficient; and thus, by changing the situation of the centre of 
gravity, he keeps the line of direction within the base, and he will 
not fall.* 




* The shepherds in the sonth of France affbrd an interesting instance of the 
application of the art of balancing to the common business of life. These men 
walk on stilts (torn three to fbur feet high, and their children, when quite young, 
are taught to practise the same art. By means of these odd additions to the 
length of the leg, their feet are kept out of the water, or tlie heated sand, and 
they are, also, enabled to see their sheep at a greater distance. Tliey use these 
stilts with great skill and care, and run, Jump, and even dance on them with 
great ease. 



Where is the centre of gravity in the human body f Where is the 
183. How is it that rope-dancers perform their feats of agility i 
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184. A spherical body will roll down a slope, because 
the centre of gravity is not supported.* 

185. When a body is of uniform density, the centre 
of gravity is in the same point with the centre of magni- 
tude. 

When one part of the body is composed of heavier materials than 
another part, the centre of gravity, (being the centre of the weight 
of the body,) no longer corresponds with the centre of magnitude. 
Thus the centre of gravity of a cylinder plugged with lead, is not 
in the same spot as Uie centre of magnitude. 

186. Bodies, therefore, consisting of but one kind of substance, 
as wood, stone, or lead, and whose densities are consequently uni- 
form, will stand more firmly, than bodies composed of a variety of 
substances, of different densities. 

187. Bodies that have a narrow base are easily over- 
set ; for if they are in the least degree inclined, the line 
of direction will fall outside of the base, and their cen- 
tre of gravity will not be supported.*!* 

188. The broader the base, and the nearer the cen- 
tre of gravity to the ground, the stronger will be the 
edifice. 

For this reason a pyramid, t having a broad base and but little 
elevation, is the firmest of all structures. 

189. When two bodies are fastened together, they 
are to be considered as forming but one body, and have 

* A cylinder can be made to roll up a slope, by plugging one side of it with 
lead ; Itie body beini; no longer of a uniform dennity, the centre of gravity is re- 
moved from the middle of the body to some point in the lead, as that substance 
In much henvier than wood. Now, in order that the cylinder may roll down 
the plane, as it is here situated, the centre of gravity must rise, which is Impos- 
sible} the centre of gruvily must alwnys descend in moving, and will descend 
by the nearest and readiest means, wliicli will be by forcing the cylinder up the 
slope, until the centre or{;rnvity is supported, and then it stops. 

t A person can carry two pails of waier more e»isily than one, because they 
balance each other, and the centre of gravity remaius supported by the feet. 
But a single {mil throws the Centre of gravity on oue side, and reuUera it more 
difficult to support the body. 

I A cone has also the snme degree of stability ; but, strictly spealiiiig, a cone 
Is a pyramid with an infinite number of sides. 



1 R4. Why do spherical bodies roll down slopes ? How can a cylinder be 
made to roll up a slope ? How does this a^ect it f 185. Where Is the centre 
of gravity in a body of uniform density ? Do the centre of gravity «^nd the cen 
tre of mngiiitude correspond when one part of a body is composed of heavier ma 
teria'iS than another.' 186. What bodies must stand more firmly than others.' 
Why f 187. Why do bodies which have a narrow base overturn more easily 
than those which have broad bases .' Why can a person carry two pails of 
water more easily than one ' 188. Why is a pyramid the firmest of all struc- 
tures f 189. If two bodies of equal weight are lastened together, where is th« 
centre of gravity f If one be heavier than the other i 
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but one centre of gravity. If the two bodies be of equal 
weight, the centre of gravity is in the middle of the Una 
which unites them. But if one be heavier than tha 
other, the centre of gravity is as much nearer to tha 
centre of the heavier one than to that of the lighter one, 
as the heavier exceeds the light one in weight. 

190. Illustration. Fig. 18 represents a Fig. 18 
rod or pole with an equal weight fastened 
at each end : the centre of gravity is at A, 
the middle of the rod, and whatever sup- 
ports this centre will support both the bodies 
and the pole. 

191. Fig. 19 represents a rod or pole 
with an unequal weight at each end. The 
centre of gravity is at C nearer to the larger 
body. 



W 



Fig. 20 represents a rod or pole with 
unequal weignts at each end, but the larger 
weight exceeds the less in such a degree 
that Uie centre of gravity is within the 
larger body at C. 



Fic.19. 
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Fig. 20. 
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Resultant Motion, 

192. Resultant motion is the eflTect or result of two 
motions resolved into one. 

193. Illustration. If two men be sailing in two boats, in the 
fame direction, and at the same rate, and one (oss an apple to tho 
other, the apple would appear to pass directly across from one to 
the other, in a line of direction perpendicular to the side of each 
boat. But its real course is through the air in the diagonal of a 
parallelogram, formed by the lines representing the course of each 
Loat, ana perpendiculars drawn to those lines from the spot whert 
each man stands as the one tosses and the other catches the apple. 
In Fig. 21 the lines A B and C D represent the 
course of each boat ; E is the spot w here the 
man stands who tosses the apple ; while the ap- 
ple is in its passage, the boats have passed from 
t and G to H and F respectively. But the ap- ^ 
pie having^ a motion with the man that would 
carry it from £ to H and likewise a projectile 



Fig. 21. 
G F 



B 



E H 



What does Fif. 18 represent? Fig. 19 f Fi£. 20 ? 192. Of what is resultanl 
■UMtoa the elfeot f What Ulustration Is (tyenr Explain by Fig. 21. 
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force which would carry it from E to G, cannot obey them both, 
but will pass through the dotted line K F, which is the diagonal of 
the parallelogram L G F H, according to the principle in No. 153. 
VJ4' On the principle of resultant motion, if two ships in an en 
gagement be sailing before the wind, at equal rates, tlie aim of the 
gunners will be exactly as though they both stood still. But if the 
gunner fire from a ship standmg siill, at another under sail, or a 
sportsman fire at a bird on the wing, each should take his aim a 
little forward of the mark, because the ship and the bird will pass a 
little forward while the shot is passing to them. 



SECTION VII. 
Tlie Pendulum. 

195. The Pendulum* consists of a weight, or ball of 
metal, suspended by a rod, and made to swing back 
wards and forwards. 

196. When a pendulum swings, it is said to vibrate^ 
and its movements are called vibreUions. The part of 
a circle through which it moves, is called its arc. The 
attraction of gravity causes its vibrations. 

197. The vibrations of pendulums of equal length, 
are very nearly equal, whether they move through a 
greater or less part of their arcs. 

* The pendulum was invented by Galileo, a great astronomer of Florence, In 
the beginning of the seventeenth century. Perce!vin<i (hal the chandeliers sua 
pended from the ceiling of a lofty church vibrated long and with great UHilbrmi 
ty, Bit they were mov«S by the wind or by any accideninl disturbance, he was 
led to inquire into the cause of their motion, and this inquiry led to the invention 
of the pendulum. From a lilte apparently inconsiderulde circumstance arose 
the great discovery of the princi|>le of gravitation. During the prevalence of the 
plague, in the year 1665, Sir lt>aac Newton retired into the country to avoid the 
contagion. Sitting in his orcliard, one day, he oi>served an api)le ThII from a tree. 
His inquisitive mind was immediately led to consider the cause which brought 
the apple to the ground, and the result of his inquiry was the discovery of that 
grand principle of gravitation {See Tfon. 86, 87) which may be considereti as the 
first and most important law of material nature. Thus, out of what had l»eea 
before the eyes of men, in one shape or anotlier, from the creation of the world, 
^id these philosophers bring the most important results. 

195. Of what does a Pendulum consist .? 196. When is a pendulum said to 
vibrate .' What are its movements called .' What is meant by nn arc .' What 
causes its vibrations.' 197. How do the vibrations of penduUinis of equal Icntrtli 
compare .' lllusirate by Fig. 22. By whom was the pendulum invented .' What 
led him to the discovery .' By whom was the principle of gravitation di»- 
ooYcred i What led him to the discovery f 
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196. Illustration, In figure 22 A B re- pig. 2s. 

presents a pendulum. D F £ C the arc in "PA 

which it vibrates. If the pendulum be 
raised to C it will return to F, if it be raised 
to C it will return to D in nearly the same 
length of time, because that in proportion jj 
18 the arc is more extended, the steeper 
are its beginnings and endings, aud, there- 
fore, the more rapidly will it fall. 

199. The time occupied in the vibration of a pe 
lum, depends upon its length. The longer the pe 
lum, the slower are its vibrations. 

200. The length of a pendulum which vibrates 
times in a minute (or, in other words, which vib 
seconds) is about 39 inches. But in diBTerent par 
the earth this length must be varied. A pendulu 
vibrate seconds at the equator must be shorter thac 
which vibrates seconds at the poles. 

201. A clock is regulated by lengthening or shortc 
the pendulum. By lengthening the pendulum, the < 
is made to go slower ; by shortening it, it will go f€ 

The pendulum of a clock is made longer or shorter, by i 
of a screw beneath the weight or ball of the pendulum. Tne 
itself is nothing more than a pendulum connected with wheel- 
so as to record the number of vibrations. A weight is attach* 
order to counteract the retarding effects of friction, and the 
ance of the air. The wheels show how many swings or bei 
the pendulum have taken place in a given time, because, at 
beat, the tooth of a wheel is allowed to pass. Now if this 
have sixty teeth, it will turn round once in sixty vibrations < 
pendulum, or in sixty seconds; and a hind, fixed on the axis 
wheel projecting through the dial plate, will be the second ha 
the clock. Other wheels are so connected with the first, ar 
number of teeth in ihem is so proportioned, that the second 
turns sixty times slower than the first, and to this is attache 
minute hand; and the third wheel, moving twelve times s 
than the second, carries the hour hand. On account of the e 
sion of the pendulum by heat, and its contraction by cold, c 
will go slower in summer than in winter, because the pendul 
thereby lengthened at that season. 

SO'i. A watch differs from a clock, in having a vibrating 

199. Upon what does the time of the vihra(inn« ofa pendnlum depend 
^^liat is the length ofa pendulum which vihratea Hixty times in a minute 
diflPerent aitnationw aflTect the vibrations f How can a pendulum which r 
seconds at the eqnHtor be made to vibrate seconds at the poles f 201. I 
a dork regulated f What effect hxs (he lengtheniitj^ of the pendulum i 
shortening f What is a clock i Of what use is the weight ? What 
wheels show } Why do clocks go slower in snmmer than iu winter i 202 
a watcii diflRir firom a clock f 
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instead of a pendulum. This wheel is moved by a •pring, oaDed 
the kair spring. The place of the weight ia auppllea by another 
larger spring, called the main spring. 
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SECTION VIII. 



l>thc.\ "^^^ Mechanical Powers, 
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_ 203. The mechanical powers are certain contrivances 
ibr^f^ designed to increase or diminish force, or to alter its 
its c: direction. 

tim . 204. There are five things which are to be considered, 
^Q ^^ in order to understand the power of a machine, namely : 

First, the power that acts, 
enisy Secondly, the resistance which is to be overcome by 
ciocil '^® powers. 

a.>Jeri Thirdly, the centre of motion, or, as it is sometimes 
called, the fulcrum, (which means a prop or support.) 
Fourthly, the respective velocities of the power and 
wor£.l the resistance ; and, — 
d, ;-j Fifthly, the instruments employed in the construction 
^'jj of the machine. 

2n5. Illustration. The power that acts is the muscular strength 
of men, or animals, the weight and momentum of solid bodies, tlie 
elastic force of steam, springs, the pressure of the air, &c. 

The resistance to be overcome is the attraction of gravity, or of 
cohesion, the inertness of matter, &c. 

The centre of motion, or the fulcrum, is the point about which 
all the parts of the body move. 

The velocity, as has stlready been explained, is represented by the 
tiiue occupied in producing a certain eflTect. 

The instruments are the mechanical powers which enter into the 
eonstructton of the machine. 

206. There are six mechanical powers, namely, the 
Lever, the Pulley, the Wheel and Axle, the Inclined 
Plane, the Wedge, and the Screw. 
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303. What are the mechanical powers ? 204. How many thinspi are to be 
considered in order to understand the power or a macliine f What is the flnst f 
BecoBd f Third ? Fourth f Fifth I 205. WImt is the power that acts f 
What is the resistance to be overcome f Wiiat is the fulcrum .' What is 
dM velocity f 206. Uow many mechanical powers are tliere f What are 
tkey? 
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Fig. 23. 




207. The Lever* is an inflexiblef bar, movable on a 
fulcrum, or prop. 

208. There are three kinds of levers, called the first, 
second, and third kinds, according to the respective 
position of the fulcrum, the power and the weight. 

209. In a lever of the first kind, the weight is at one 

end, the power at the other, and the fulcrum between 

them. 

iilO. Illvstratlon. Fig. 23 represents a simple lever of the finl 
khid, resting on the fulcrum F, and 
movable upon it. W is the weight 
(or heavy stone) to be moved, and P 
isii the power (or hand) which moves 
it. The advantage gained in the use 
of this kind'of lever is in proportion 
as liie distance of the power from the 
fulcrum exceeds that of the weight 
from the fulcrum. Thus, in this fig- 
ure, if the distance between P and V be double that between W and 
F, then a man, by the exertion of a force of 100 pounds with the 
lever, can move a weight of 200 pounds. From this it follows thai 
the nearer the power is applied to the end of the lever most remoUi 
from the fulcrum, tiie greater is the advantage gained. Thus, in 
the same figure, a greater weight can be moved by the same power, 
when applied at B, than when it is exerted at P.t 

* The lever is made in a great variety of forms, and of many different mate 
rials. 

t By an iirftexible bar is meant one whicli will not bend. The fblcmm, oi 
prop, is likewise constructed in a variety of ways. Sometimes it is merely i 
stone on which a lever in the form of a crowbar rests. Sometimes it is a pin 
p&iMing through the lever, &c. 

I It is a fundamental principle in mechanics that what la jptined in power li 
lost in time. [See I>fo. 117.] To illustrate this principle, (Fi^. 24) W repreaenti 
the weight, F the fulcrum, P the power, and the 
bar W F P the lever. To raise the weight W to 
tc, the power P must descend to p. Eut as the 
radijs of the circle in which the power P moves 
is double that of the radius of the circle in which 
the weight W moves, the arc F p is double the arc 
W u> ; or, in other words, the distance P ;> is 
donhle the distance of W w. Now, as these dis- 
tai\ces are traversed in the same time by the pow- 
er and the weight respeoiively, it follows that the 
velocity of the |)ower must be double the velocity 
of the weight ; that is, the power must move at 
the rate of two feet in a second, in order to move 
the weight one foot in the same time. 

This principle applies not only to the lever, but 



Fig. 24. 




207. What Is a lever ? 208. How manv kinds of levers are there f How dc 
they differ ? 209. What is a lever of the Hrsl kind ? 210. What fljrure illustnita 
this ? Explain it bv the fijiure. To what is the advaniage, gained by thi» lever, 

Jroportioniil ? What follows from this ? Whnt is meant bv an inflexible bsri 
f9ttt. What Is a fiindHmental principle In mechanics ? Illustrate this by thfl 
igwe. Does this principle apply to all the mechanical powers f 
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211. A balance, or pair of scales, is a leTer of the first kind, with 
squal arms. Steelyards, scissors, pincers, snuffers, and a poker used 
R>r stirrintr the fire, are all levers of the first kind. The longer the 
handles of scissors, pincers, &c, and the shorter the points, tke 
more easily are they used. 

212. A hammer lever 
differs only in form from 
leFers of the first kind. A 
compound lever consists 
of several levers, so ar- 
ranged that the shorter 
arm of one may act on the longer arm of the other. {See Fig. 25.) 

213. In a le?er of the second kind, the fulcrum is at 
one end, the power at the other, and the weight be- 
tween them. 

914. lUustration. Ficr. 26 represents a lever of the second kind. 




Fig. 29. 




F is the fulcrum, P the power, and W the 
weight. The advantage gained by a lever of 
tills kind is in proportion as the distance of the 
power from the fulcrum exceeds that of the 
weight from the fulcrum. Thus as this figure 
ef tne distance from P to F is four times the 
distance from W to F, then a power of one pound 
lit P will balance a weight of four pounds at W. W 

This kind of lever explains the manner in which two persoof, 
carrying a heavv burthen, (as, for instance, a cask upon a pole,) 
may be made to bear unequal portions of it, by placing it nearer to 
the one than the other. 

215. Two horses, also, may be made to draw unequal portions of 
a load, by dividing the beam attached to the carriage in such a 
manner that the weaker horse may draw upon the longer end of 
the beam. 

216. Oars, rudders of ships, doors turning on hinges, and cutting- 
knives, which are fixed at one end, are constructeu upon the prin- 
ciple of levers of the second kind.* 

to all the mechanical powers, and to all machines constructed on mechanical 
principles. 

When two weights are equal, and the fulcrum is placed exactly in the centre 
of the lever between them, they will mutually balance each other ; or, in other 
words, the centre or gravity being supported, neither of the weights will sink. 

To make the lever act as a mechanical power, the fblcrnm must be plnced 
near the weight to be moved, and the power or hand at the greater dlatanoe 
firom it. The force of the lever, therefore, depends on its length, together with 
the power applied, and the distance of the weight fIrom the fUlcrum. 

* It is OR the same principle that, in raising a window, the hand should be 
applied to the middle of thesfwh, it will then be easily raised-, whereas, if the 
hand be applied nearer to one side thin the other, the centre of gravity being 

Note, When two weights are equal, where is the Ajlcrura ? How must the 
ftolcrum and power be placed, to make the lever act as a mechanical power ^ 
Upon what does the force of the lever depend i 211. Give some examples of 
lovers of the first kind. 213. What \a a lever of the second kind f 214. Whal 
figure iliurttrates this f To what is the advantage gained, by this lever, proj^ 
.toaalf 215. Give some examples of levers of the second kind. 
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217. In a lever of the third kind, the fulcrum is al 
one end, the weight at the other, and the power is ap- 
plied between them. 

218. In levers of this kind the power must always exceed the 
weight, in the same proportion as the distance of the weight from 
IheTulcrum exceeds that of the power from the fulcrum. 

219. Fig. 27, F is the fulcrum, W the weight, and P the power 
between the fulcrum and the weight; and the p|- ^7, 
power must exceed the weight in the same pro- 
portion that the distance between W and F ex- F 
ceeds the distance between P and F. 

A ladder which is to be raised by the strength 
of a man's arms, represents a lever of this kind, 
where the fulcrum is that end which is fixed 
against the wall : the weight may be considered W 

as at the top part of the ladder, and the power is the strength ap> 
plied to the rearing of it. 

220. The bones of a man's arm, and most of the movable bonei 
of animals, are levers of the third kind. But the loss of power in 
limbs of animals is compensated by the beauty and compactness of 
the limbs, as well as the increased velocity of their motion. The 
wheels, in clock and watch work, and in various kinds of machine* 
ry, may be considered as levers of this kind, when the power that 
moves them acts on the pinion, near the centre of motion, and the re^ 
sistance to be overcome acts on the teeth at the circumference. Bat 
here the advantage gained is the change of slow into rapid motioa 
The sails of vessels are constructed on the principle of the lever. 

221. The Pulley is a small wheel turning on an axis, 
with a string or rope in a groove running around it. 

222. There are two kinds of pulleys, the fixed and 
the movable. The fixed pulley is a pulley fastened tc 
the wall or to a beam, and is used only for changing 
the direction of motion. 

223. Illustration. Fig. 28 represents a fixed pulley. Fig. 2a 
P is a small wheel turning on its axis, with a string run- 
ning round it in a groove. W is a weight to be raised. 
F is the force or power applied. It is evident that, by 
pulling the string at F, the weight must rise just as 
much as the string is drawn down. As, therefore, the 
velocity of the weight and the power is precisely the 
same, it is manifest that they balance each other, and 
that no mechanical advantage is gained. [See JVb. 117.] 
But the pulley is very useful for changing the direction of 

unsupported, will cause the ferther aide to bear against the frame, and obstme 
its free motion. 




fil7. Whnl Is a lever of the third kind? 218. In what proportion must thi 
power exceed the weight in this lever ? Explain Fig. 27. 220. Give som< 
fixamples of levers of the third kind. 221. Wiiat is a pulley f 222. How man] 
fcinds of pulleys are there ? What are they ? What is a fixed pulley ? ExplaU 
Fte. 28. What advantage la gained by this pulley f What ii the use of Uifa 
ptuley f 
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motion. If, for instance, we wish to raise a weight to the top of a 
higli building, it can be done with the assistance of a fixed pulley, 
bj a man standing below.* A curtain, or a sail, also, can be raised 
by means of the fijced pulley, without ascending with it, by draw- 
ing down the string connected with it. 

224. The movable pulley differs from the fixed pulley 
by being attached to the weight ; it therefore rises and 
falls with the weight. Y\g. 29. 

225. JUustratUm. Fig. 29 represents a movable pul- 
ley, with the weight W attached to it by a hook below. 
One end of the rope is fastened at F ; and as the power 
P draws the weight upwards, the pulley rises with 
the weight. Now, in order to raise the weight one 
inch, it IS evident that both sides of the string must be 
shortened, in order to do which, the power P must pass 
over two inches. As the velocity of the power is 
double that of the weight, it follows (by JVb. 117) that a 
power of one pound will balance a weight on the mova- 
ble pulley of two pounds. From which it appears that — 

226. The power gained by the use of pulleys is as- 
certained by multiplying the number of movable pulleys 

in the lower block by 2.| 

227. Illustration. A weight of 72 pounds may be balanced by a 
power of 9 pounds with four pulleys; by a power of 18 pounds with 
two pulleys ; or by a power of 36 pounds with one pulley. But in 
each case the space passed over by the power must be double the 
space passed over by the weight, multiplied by the number of movsr 
ble pulleys. That is, to raise the weight one foot, with one pulley, 
the power must pass over two feet, with two pulleys four feet, with 
four pulleys eight feet. 

228. Fig. 30 represents a system of fixed and Fig. SO, 
movable pulleys. In the block F, there are four fixed 
pulleys, and in the block M there are four moya- 
'ble pulleys, all turning on their common axis, and pi 
rising and falling with the weight W. The movable 
pulleys are connected with the fixed ones by a string 
attached to the hook H, passing over the alternate 
grooves of the pulleys in each block, forming ei^ht 
cords, and terminating at the power P. Now to raise 
the weight one foot, it is evident that each of the 
eight cords must be shortened one foot, and, conse- 
quently, that the power P must descend eight times 
that distance. The power, therefore, must pass over 
eight times the distance that the weight moves. 

* The fixed pulley operntes on the same principle as a lever of the first kind 
with eqiml arms, where the fulcrum being in the centre of gravity, the power 
and the weight are equally distant from it, and no advantage is gained. 

t This rule applies only to the movable pulleys in the same block. 

Upon what principle does the fixed pulley operate ? 224. How does tlie 
movable pulley differ from the fixed pulley? Explain Fig. 29. 225. How can 
the power gained by the use of the movable pulley l>e ascertained f 227. What 
illustration of this is given i 228. What does Fig. 90 represent ' 
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229. Pulleys act on the same principle with the l€¥- 
er, the deficiency of the strength of the power beins 
compensated by its superior velocity. [^See JVo. 117. J 
Now, as we cannot increase our natural strength, but 
can increase the velocity of motion, it is evident that 
we are enabled, by pulleys and other mechanical pow- 
ers, to reduce the resistance or weight of any body to 
the level of our strength. 

230. Practical use of Pulleys. Pulleys are used to raise good* 
into warehouses, and in ships, &c. to draw up the sails. Both 
kinds of ptilleys are in these cases advantageously applied ; for the 
sails are raised up to the masts by the sailors on deck by means of 
the fixed pulleys, while the labor is facilitated by the mechanioftl 
power of the movable ones. 

231. Both fixed and movable pulleys are constructed in a gret* 
variety of forms, but the principle on which all kinds aie construct- 
ed, is the same. What is generally called a tackle and faU^ or • 
block and tackle, is nothing more than a pulley. Pulleys have, 
likewise, lately been attached to the harness of a horse to enable 
the driver to govern the animal with less exertion of strength. 

232. It may be observed, in relation to the mechanical powers in 
ffeneral, that power is always gained at the expense of time and ve- 
focity ; that is, the same power which will raise one pound in one 
minute, will raise two pounds in two minutes, six pounds in six 
minutes, sixty pounds in sixty minutes, &c. ; and that the same 
quantity of force used to raise two pounds one foot, will raise one 
pound two feet, &c. And, further, it may be stated that the pro- 
duct of the weight, multiplied by the velocity of the weight, will 
always be equal to the product of the power multiplied by the velo- 
city of the power. Hence we have the following rule. The power 
is in the same proportion to the weight as the velocity of the weight 
is to the velocity of the power. 

233. The wheel and axle consists of two wheels, one 
of which is smaller than the other, revolving togethei 
around the same centre of motion. The place of the 
smaller wheel is generally supplied by a cylinder, which 
is called the axle. A cylinder is a round body with flat 
ends. 

^ 234. Illustration, The wheel and axle though made in manr 
forms, will easily be understood by inspecting Figs. 31 and 3£ 
In Fig. 31 , P represents the larger wheel where the power is applied ; 

229. Upon what jirinclple do pulleys act ? What aflvantage is gained by the 
oae of pulleys and other mechanicai powers ? 230. What are some of the pnuv 
tical uses of the pulley ? 231. What is a tackle and fell ? 232, Is there any time 
or velocity gaineil with the power in the mechanical powers ? To what is the 
product of the weight, multiplied by the velocity of the |>ower, alwavs equal f 
What rule is given f 233. Of what does the wheel and axle consisl f What ia a 
oirlinder f 234. What figures illustrate the wheel and axle ' 
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mllT e>ll«j Uk uJe, 
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ule U eonalrncled with 
a wiocfa or handle in- 
itnd of the wheel, aa in Flz. 33, or with projeelinr apokea, ■ 

r«.3i. 

SS6. The principle apon 
which the wheel and ai- 
conatructed ii the 
! with that of the 
other laechanical powera, 
". of power bein^ 




tioa ; for the wheel describe* a gteirt circle In the 
the aile detcrit>ei a imall one ; therefore the powt . 
the aame proportion a< ttie circa mlere nee of the wlieel ia greater 
■'le axle. If the Telocity of the wheel be twelve timei greater 
._._!■ .1 1. . .. ^^^ pound on the wheel will aup- 



lion tbe aubjecl of complex wheel- -. , 

that tbe velocitjr of the wheel ia rrealer than that of Iht 
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itkoce in the cnnstruction of mscliinrry, by ■Dch an arruigeiimt 
ol Ihe parts u will enable ua tu increase or irnen the ipred at ptw 
auie. For il ii evident that if the power be applied lo tbc axle, aad 
machinery attached to the wlieel. rapid motion will be produced; - 
and on the contnrj, if the powei be applied to the wlieel sad lb* ■ 
macbioerj to the aile, itow molion will be produced. 

!38. lUtMratiaii. Tig. 33 repreaenta foor wheeb with Ihafe : 
Ulea, each wheel acting on the axle of lbi~ 
adjoining wheel. F ii Uie power applied ti 
the axle of Ihe wheel d. Now, auppr- -- "'■ 
circumference of each wheel to be t 
the circumference of each axle, il ii 
that each time the wheel d revoliea 
ciuae the wheel c to make six levolu^o 
becaiue the oireuniference of the wheel d 
iiitimealhe ciicumtefence tf the axle of 
la like nuinaer Ihe circumference* of the wheeli e and t, actiai i 




la like monaer Ihe circumference* of the wheeli e and a, actiBi n 
■peclifel; on the oircuroletencea of the axles of Ihe adjoining wEed. 
will communioata a velocity aii limea grealer than tbeir own, UM 
while the wheel d inakei one levnlutinn the wheel c will make«^ 
k Ihirty-ni, and a Iwo hundred and aiileen reiolulioni. 

039. Rereraing Ihe figure, and applying the power al S whiet 
oomoiunicatrB with the circumference of ifie wheel a, it folh>wallHl 
■ niDit perforai six revolutions while b ia performing one, thirty-ox 
while c, and two hundred and sixteen while d perform! one revula- 
tinn. It will Ihui be perceived that a rapid or a aluw motion maj 
be communicated hy vaiioua combinations of the wlieel and axle. 

340. The usual way of transmiltine the action of the 
adjoining wheels is by meana of leeln ur cnga, raised oi 
facea. The con on the anrface of Ihe whcfla are genr 



ixle itself, when furnished with leavei 

iMI. ntuttnaim. Fig. 
U rppiVKDU a con- 
nexion of cogged wheeli. 
The wheel Biicing mov- 
ed by a string aiound ila 
eiccamfereTtee la a ajin- 
sle wheel without teeth, 
lis aile being furnished B 
with cogs or liattt, lo 
which Ihe teeth of the 
wheel D are fitted, nom- 



D, which, in like man- ^ n 
Dcr, mom the wheel C. ^ *^ 
The power P and the 
weight W must be attached 
of the axle according ai a slo 
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242. Wheeb are flometimei tnmed hy bancb, ai in Figaro 35; 
and the motion communicated may be direct or pig. 39. 
revened by attaching the band, as represented 

in Figs. 35 and 3(5. When the wheel and the ^| — "^^ 
axle from which it receives motion are intended — *"*— — ^^ 
to rerolve in the same direction, the strap is not 
crossed, bat is applied as in Fi^ 35. But when Fif« ML 

the wheel is to revolve in a direction contrary 
tQ the revolution of the axle, the strap is cross- 
ed, as in Fig. 36. 

243. Different directions may be given to the motion prodoced 

Fig. 87. Fiff. 98. 





by wheels, by varying the position of their axles, and causing them 
to revolve in diffisrent planes, as in Fig. 37 ; or by altering the shape 
and position of the teeth or cogs, as in Fig. 38. 

244. It remains to be observed that the wheel and 
axle are constructed on the same principle with the 
lever. The axle acts the part of the shorter arm of the 
lever, the wheel that of the longer arm. 

245. The capstan, on board of ships and other vessels, is con- 
structed on the principle of the wheel and axle, it consists of an 
axle placed uprightly, with a head or drum, pierced with holes for 
the lever, or levers, which supply the place of the wheel. 

246. Wmdmilb, lathes, the common windlass, used for drawing 
water fiom wells, and the large wheels in mills are all constructed 
on the principle of the wheel and axle. 

247. Wheels are a very essential part to most machines ; they are 
applied in different ways, but when affixed to the axle their me- 
chanical power is alwavs in the same proportion ; that is, as the 
circumference of the wSeel exceeds that of the axle, so much will 



24S. By wkat me wheels soiwtiaes toraed f Whet fifore rep rw e ate om ' 
la what wajr earn ihe sMitioB be aiede direct or rerened / What does Tig. S5 
rspwesffet ? Pig. 96 f 24S. In whal war caa diflereot directiooa be jlTeo to 
the BKNiea prodoced bjr wheel* f What does Fig. 37 represeoi > Fig. S8 ? 
144. Upoa what prtnciple are the wheel and axle coostnicted ? Explaia how. 
24& Upoa what prwct|>le is Ihe eapsiaa oa board of reasels consirocted f Of 
what does it eosMMt? 246. What other thiags are nseBiioBed as oooscnicted 
■poa thia prtmopit * 247. Are wheels aa esseatial part to most machines / 
Afc Omr spiiHs I ia man Ihaa oae war f Whaa Ihef are aOxed to the aak^ 
in wkm'mwmmtim la ihe p ewf ia rrr asi il i 




44 NATURAL PHILOSOPHY. 

the power be increased. Therefore the larger the wheel and the 
■mailer the axle, the greater will be the power obtained. 

248. Fly wheels are heavy wheels used to accumulate power and 
dbtribute it equally among all the parts of a machine. They are 
caused to revolve by a force applied to the axle ; and when once 
■et in motion continue by their inertia to move for a long time. 
As their motion is steady and without sudden jerks, they serve to 
steady tlie power, and cause a machine to work with regularity. 

249. Cranks are sometimes connected with the axle of a wheel, 
either to give or to receive its motion. They are made by bendii^ 
the axle in such a manner as to form four right P^* 39. 
angles facing in different directions, as is repre- 
sented in Fig. 39. This is seen in lathes and many 
ether kinds of machinery. Cranks are oAen used 
to change the motion from rectilinear to circular, 
or from circular to rectilinear. 

250. The inclined plane consists of a plain surface 
inclined to the horizon. 

251. Illustration, Fig. 40 represents an inclined plane. C A its 
height, C B its length, and W a weight which is to be moved on 
it. The advantage gained by the use of Fig. 40. 

the inclined plane is in proportion as the 1^ ^^ 

length of the plane exceeds its perpen- ^-^-^^1^ 

die liar height Thus, in this figure, if ^ I 

the englh C B be four times the height B *-""^ lA 

C A, then a power of one pound will balance a weight of four 
pounJs on the inclined plane. 

252. The greater the inclination of the plane, the greater must be 
its perpendicular height, compared with its length, and, of course, 
tlie greater must be the power to elevate a weight idong its surface. 

2«xi. instances of the application of the inclined plane are very 
common. Sloping planks or pieces of timber leading into a cellar, 
and on which casks are rolled up and down ; a plank or board with 
one end elevated on a step, for the convenience of trundling wheel- 
barrows, or rolling barrels into a store, Sac., are inclined planes. 

254. The advantage gained by the use of the inclined plane, like 
that of the other mechanical powers, is attended by a loss of time ; 
for the weight, instead of moving directly up the ascent, must move 
the whole length of the plane. 

255. Chisels and other cutting instruments, which are chamfered 
or sloped only on one side, are constructed on the principle of the 
inclined plane. 

248. What are fly wlieels, and (br what are they ORed ? How are they madt 
to reYolve f When once set in motion, whnt causes them to move on for some 
time ? or what service are they in a machine ? 249. For what are cranks^ 
sometimes, connected with the axle of a wheel i flow are they made i What 
does Fig. 39 represent i For what are cranlcs often ased i 260. What is aa 
inclined plane f What figure represents an inclined plane f Explain the fianrB. 
To what Is the advantage gained by the use of the inclined plane in proportion f 
252. What follows Oom the greater or less inclination of the plane i 253. Give 
some Instances of the application of the inclined plane. 254. Is any tima 
gained by the use of the inclined plane * U)>ou what principle are chisels and 
other catting instrumeuU, which are sloped only on cue side, oomiructed f 
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156, The wedge consists of two inclined planes cinit-> 
It their bases. 

>7. lUtistradon, Y\a. 41 represents a wedge. The pj. ^ 
a h represents the Base of each of the inclined planes 
hich it IS composed, and at which their are united. * 

8. Tiie advantage rained by the wedge is in propor- 
as its length exceeds one half its width. 
le wedge is a very important mechanical power, used 
lit rocks, timber, &c., which could not be effected by 
3ther power. 

D. Axes, hatchets, knives, and all other cutting instruments 
ifered, or sloped on both sides, are constructed on the principle 
e wedge. 

30. The screw consists of an inclined plane, wound 
id a cylinder. It is generally composed of two 
s, the screw and the nut ; or, as they are generally 
cd, the convex and concave screw. 

1. Illustration. Fig. 42 represents the screw and the nut. 3 
is the convex screw, (which is an inclined plane 
wound round a cylinder,) JV is the nut, or concave 
screw, which has a spiral groove, to which the 
thread of the convex screw is accurately fitted. L 
is a lever attached to the' nut, to which the power is 
applied. By turning the lever Fif. 4S. 
in one direction the nut ascends, 
and by turning it in the opposite 
direcUon, the nut descends on (ho 

v.* In this figure the screw is fixed, and 
lut is movable. 

2. Fig. 43 represents another screw, which 
>vable. The nut is fixed to the frame, and the 
w ascends or descends as the lever L is turned. 

Ittaoagh the icrew is mentioned as one of the six mechanical powers, It Is, 
Uty, a compound power, consisting of a lever and an inclined plane. The 
r of the screw is estimated by the distance of the threads. The closer th« 
is the greater is the power ; but here, again, the increase of power is pro- 

by an increase of velocity, or a loss of time. For if the threads be a 
sr of an inch apart, the power must move through the wtiole circumfer* 
if the circle described by the lever, in order to move the resistance a quar- 

an Inch. The screw, with its appendage the lever, is therefore used for 
irpose of moving large or heavy bodies through small distances. Its power 
le increased by lengthening the lever. The screw is applied to presses of 
ids where great power Is required, such as book- binders' presses, cider and 
presses, Ac 

. Of what does the wedge consist { 257. What does Fig. 41 represent f 
To what is the mlvantage gained by the wedge in proportion f Of what 
the wedge f Give some examples of the wedge. 260. Of what does the 
consist ? Of how many parts is It generally composed ? What are 
361. What figure represents the screw and the nut? Explain the 
. How does Fig. 43 diffiir from the 42d ? Note, Is the screw a simple or 
oond power f How is the power of the screw estimated f How does the 
less of the thread aflhct the power ? What is the use of the screw f 
can Its power be increased ? To what is the screw applied i 
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263. All machines, instraments, implements, ^lc,, are composed 
of one or more ot the mechanical powers* 

264. By friction in machinery is meant the resistance which 
bodies meet with in rubbing against each other. 

265. There are two kinds of friction, the rolling and the sliding. 
The rollinor friction is caused by the rolling of a circular body. 
The sliding friction is produced by the sliding or dragging of a 
flat surface. Tlie sliding friction is overcome with more diifaculty 
than the rolling. In calculating the power of a machine, an allow- 
ance must always be made for friction. It is usually computed 
that friction destroys one third of the power of a machine.! 

266. Friction is caused by the unevenness of the surfaces which 
come into contact;]: and it is diminished in proportion as the sur« 
faces are smooth and well polished. Oil, grease, black lead, or 
powdered soap stone, is used to lessen friction, because they act as 
a polish by filling up the cavities of the rubbing surfaces, and thus 
making them slide more easily over each other. 

* From what hns been stated with regard to the mechanical powers, it ap* 
[.ears that by ibeir aid a man is enabled to perrorm works to which his an- 
assisted natural strength is wholly inadequHte. But the power of all machines 
is limited by the strength of the materials of which they are composed. Iron, 
which is the strongest of all substances, will not resist a strain beyond a certain 
limit. Its cohesive attraction may be destroy ei I, and it can withstand no re- 
sistance which is stronger than its cohesive attraction. Besides the strength 
of the materials, it is necessary, also, to consider the time which is expended in 
the application of mechanical assistance. Archimedes is said to have boasted 
to Hiero, king of Syracuse, that, if he would give him a place to stand upon, ha 
would move the whole world. In order to do this, Archimedes must himself 
have moved over as much more sjiace than he moved the world, as the weight 
of the world exceeded his own weight; and it has been computed that be must 
have moved with the velocity of a cannon hall for a million of years, In order to 
move the earth the twenty-seven millionth part of an inch. 

t The smallest impediment from friction is when flnely-poli&hed iron is mads 
to rub on bell metal*, but even these are said to lose about one eighth of their 
moving power. As the friction between rolling biMlies is much less than la 
those that dr»ig, the axle of large wheels is sometimes made to move on small 
wheels or rollers. These are c<illad friction wheels, or friction rollers. They 
turn round their own centre as the wheel continues its motion. 

X All bodies, how well soever they may be polished, have inequalities ia 
their surf-tees, which may be perceiveii by a microscope. When, therefore, the 
surfaces of two bodies come into contart, the prominent parts of the one will 
often fall into the hollow parts ot the other, and cause more or less resistance 
to motion. 



263. Of what are all machines, instruments, implements, &c., composed f 
What aid is afforded to man by the use (»f the mechanical powers ? By what 
is the power of all machines limited f Can the cohesive attraction of ircm be 
destroyed .' Can it withstand any resistance stronger than its cohesive attrac- 
tion t What besides the strength of the materinl, is necessary to be considered f 
What is related of Archimedes.' flow could Archimedes have done this? 
264. What is meant by friction in machinery ? 265. How many kinds of Irlc- 
tion are there ? What are they ? How is the rolling friction produced ? Tlie 
sliding? Which is overcome with the less diillcnlty, the rolling or slidinf f 
What allowance must always he made, in calculating the power of a machine .• 
What i»roportion of the power is usnully computed to be destroved bv friction? 
Where is there the least friction .' Between which Is friction the less, rolling 
bodies, or those that slide .' 206. What causes friction? In what proportion 
Is it diminished ? In what manner can it be lessened f 
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2G7. Wheels are used on vehicles to diminish the friction of the 
road. The larger the circumference of the wheel, the more readily 
it \vill overcome any obstacles, such as stones, or inequalities in the 
road.* 

268. The motion of all bodies is influenced by the 

mediumt ^^ which they move. By a medium is meant 

the substance or fluid which surrounds the body. 

Thus, air is the medium which surrounds a bird when flying; 
water is the medium which surrounds the fish when swim- 

269. The resistance of a medium is in exact propor- 
tion to its density. 

A body falling through the air meets with less resistance than 
when fallinff through water, because water is a denser medium 
tiian air. if a machine could be worked in vacuo, (that is, in a 
Yacuuru, or a space where there is neither air nor any thing else to 
iiiififde it,) and without friction, it would be perfect. 

270. The main-spring of a watch {steJ{o. *iXti) consists of a long 
ribbon of steel, closely coiled, and contained in a round box. It is 
employed instead of a weight, to keep up the motion. 

271. As the spring, when closely coiled, exerts a stronger force 
than when it is partly loosened, in order to correct this inequality, 
tlie chain through which it acts is wound upon an axis surrounded 
by a spiral groove, (called tt. fusee,) gradually increasing in diameter 
from the top to the bottom ; so that, in proportion as the strength 
of the spring is diminished, it may act on a larger lever, or a larger 
wheel and axis. p, 44 

272. niustration. Fig. 44 - *' 
represents a spring coiled 
in a round box. A B is 
the fusee, surrounded by a 
spiral groove, on which the 
chain C is wound. When 
the watch is recently 
woand, the spring is in the 

* In descending a steep hill, ihe wheels of a carriage are often locked^ (as it 
ii called,) ihat is, fastened in such a manner aH to prevent their turning-, and 
thus the ntlliug is converted into the sliding friction, aud the vehicle descends 
more salely. 

Castorri are put on the legs of tables and other articles of nimiture, to facil- 
itate the moving of them ; and thus the sliding is converted into the rolling 
IHcUon. 

t The plural of this word is media. 




287. What Is the use of wheels f In what proportion do they overcome the 
obstacles, such as stones, &c., in the road i why, in descending a steep hill, are 
the wheels of a carriage often locked f How do castorx, which are put upon 
fimillure, facilitate the moving of it i 268. How is the motion of all bodies 
felllttenced t What is meant by a medium f 2C9. To what is the resiataiice 
of a medium in proportion f What illustration is given ? When would a ma 
chine be perfect i 270. Of what does the main-spring of a watch consist f 
What is Its use i Does the sprinir exert a stronger force when closely coiled, 
or when partly loosened f What is done in order to correct this inequality f 
tn. What does Fig. 44 represent ? Explain. 
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greatest state of tension^ and will, therefore, turn the fbsee by tl 
smallest groove, on the principle of the wheel and axle. As tli 
spring loses its force by beinsr partly unwound, it acts upon tl 
larger circles of the fusee j and the want of strength in the spring 
compensated by the mechanical aid of a larger wheel and axle i 
the larger grooves. By this means the spring is made at all tiov 
to exert an equal power upon the fusee. The motion is comman 
cated from the fusee by a cogged wheel which turns with the fuse 

273. The name of governor has been given to an ingenious piec 
of mechanism, which is used to regulate the supply of steam J 
steam -engines, and of water in water-mills. 

S74. Illustration. Fig. 45 represents pig. 45. 

& governor. A B and A C are two 
levers or arms, loaded with heavy balls 
at their eziremities, B and C, and sus- 
pended by a joint at A upon the ex- 
tremity of a revolving shafl, A D. At 
a is a collar, or sliding box, connected 
with the levers by the rods 6 a and c a, 
with joints at their extremities. When 
the shafl A D revolves rapidly, the 
balls B and C will diverge, or fly 
off, and cause the rods b a and e a to 
raise the collar or sliding-box. On the 
contrary, when the shaf\ A D revolves 
slowly, the weights B and G will fall ^' 
by their own weight, and the rods b a 
*and ea will cause the collar a to de- 
scend. The steam-valve in a steam-engine, or the sluice-gate of 
water-wheel, being connected with the collar a, the supply of stea 
or water, which puts the works in motion, is thus remilated.* 

275. The knee-joint, or, as it is sometimes called, llie toggle-join 
consists of two rods or bars connected by a joint, and increasir 
rapid I V in power as the two rods approach to the direction of 
straight line. 

27b. lUvstration. Fig. 46 represents a toggle- 
joint. A C and B C are the two rods connected 
Dv a joint C. A moving force applied in the 
direction C D acts with great and constantly 
increasing power to separate the parts A and B. 

The operation of the toffgle-joint is seen in the 
iron joints which are used to uphold the tops of 
chaises. It is also used in various kinds of print- 
ing-presses, to obtain the greatest power at the moment of impre 
Bion. 

* In manufactures, there is one certain and determinate velocity with whli 
the machinery should be moved, and which, ir increased or diminished, wou 

273. What is a governor? Explain Fig. 45. What is said in ihe note of tl 
use of the governor f 275. Of what docs the knee-joint, or toggle-joint, consist 
In what proportion does it increase in power f 276. What does Fig. 46 re 
resent ? Explain the figure. Give an instance of the operation of the toggl 
Joint. What is its use in priBting-presses i 
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SECTION IX. 

Hydrosialics. 

277. Hydrostatics treats of the nature, gravity, and 
pressure of flu ids . ( See J^To . 6 . ) 

278. A fluid is a substance which yields to the slight- 
est pressure, and the particles of which, having but a 
slight degree of cohesion, , move easily among them- 
Belves. {See M. 20.) 

279. A liquid differs from a fluid in its degree of com- 
pressibility* and elasticity. {See Niimbers 67 and 70.) 

280. Fluids gravitate in a more perfect manner than solids, be^ 
eause the strong cohesion of the particles of solid bodies in some 
measare counteracts the efiects of gravity. 

231. From the slight degree of cohesion in the particles of fluids, 
it is inferred that they must be small, smooth and globular ) smooth, 
because there appears to be no friction among them ; and globular, 
because their touching each other but by a point will account for 
the sUghtness of their cohesion 

282. Fluids cannot be formed into figures, or preserved in heaps 
OD account of their want of cohesion.! 

render the machine unfit to perform the work it is designed to execute. Now, 
it frequently happens that the residtance is increased or dirnini»hed by some 
of the machines which nre woriiedi being stopped, or utherti put on. The 
noTing power, having this alteration m the resistance, would impart a greater 
or less velocity to the machinery, were it not for the regulating power of the 

Eovernor, which increases or diminishes the supply of water or of steam, which 
I the moving power. 

* The experiments (mentioned in No. 29) made nt Florence, many years ago, 
■eem to prove that some kinds of liquids, water, for instance, is whfdly in- 
compressible. Later experiments, particularly those of Mr. Jacob Perkins, of 
Newburyport (now in London <, have proved that water is capable of a consid> 
erable degree of compression. Fluids, in general, have a voluntary tendency 
to expand {Stti No. 77) when at liberty; but liquids will not expand without a 
diange of temperature. Heat is supposed to be the primary cause of the fluid 
form of bodies. {See No. 70.) It insinuates itself between the particles of 
bodies, and forces them asunder. Thus, for instance, ice, without heat, is a 
■did ; with heat it t>ecomes water, and, with a greater degree of heat, it ex 
pajBds into an elastic fluid, called *team. 

t Although fluids have but a slight degree of cohesive attraction, they are 

277. Of .what does Hydrostatics treat .' 278. What is a fluid ? Does the 
attraction of cohesion have much influence on the particles offliiids .' What 
follows ttmn this ? 279. How do fluids and liquids differ from each other .' 
Can water be compressed ? What is supponed to be the primnrv cause of the 
fluid form of bo<ljes .' What effect hris heat upon bodies ? What illustration Is 
given .^ 280. Whv do flnids gravitate in a more perfect manner than solids? 
281. What is Infsrred from the slijjht degree of cohesion in the particles 
of fluids.' Why smooth .' Why globular? 282. Why cannot fluids be formed 
Into figures, or preserved in heaps f 

5 
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283. By the level or equilibrium of fluids is meant thai 
every part of the surface is equally distant from the centre 
of the earth ; that is, from the point to which gravity tends. 

JUustration. All fluids have a tendency to preserve this equi- 
librium. Hence the suiface of all fluids, when in a state of rest 
roust partake of the spherical form of the earth. This level or 
equilibrium of fluids is the natural result of the inde|)erident gravi- 
tation of each particle. The particles of a solid body beinir united 
by cohesive attraction, if any one of them be supported, it will op- 
hold those also with which it is united But when any particle of a 
fluid is unsupported, it is attracted down to the level of the surface 
of the fluid; and the readiness with which fluids yield to the 
slightest pressure will enable the particle, by its own weight, to 
penetrate the surface of the fluid and mix with it. 

284. Fluids of difTereiit densities all preserve their 

own equilibrium. 

.285. Illustration. If a quantity of mercury, water, oil, and air, 
be put into the sjime vessel, they will arrange themselves in the 
order of their 8]>» ciiic gravities. (SeeJfo. 100.) The inercury will 
sink to the bottom, the water will stand above the mercury, the oil 
above the water, and the &ir above the oil ; and the upper and un- 

siTected by a fbrce CAlIed capillary attraction, by whirh tbey are raised above 
their levels in capillary lube:*, or tubes the bores of wliich are exceedini^jr 
small. Thus, if a small Klasii lube be pbiced in water, the water on the inside 
will riae above the level of thai on the outside of ihe lube. The cause of this 
seems to be nothing more ihiiii Ihe orilinary attrnciion of the pHi-ticles of matter 
for each other. The Hides of a sumll oriflce are so near to each other as to 
attract the particles of the fluid on their opposite sides*, uiid as all ailrHCtion is 
strongest in the direction of the greatest quantity of matter, the WHter is raised 
upwards, or in the direction of the length of the tube. On the outside of the 
tube, the oppo.siie surOtces cannot act on the sawie colitmn of water, and there 
fore the influence of attraction Is here hardly perceptible In raising the flt'id. 

All porous substances, such as sponge, l)read, linen, sugar, &c., may be con- 
sidered as collections of ca[)illiiry tulies*, and, for this reason, water and other 
liquids will ri.se in them, when they are partly immersed. 

It is on the same principle that the wick of a lamp will carry up the oil to 
supply the flame, although the flame is several inches above the level of the oil. 
If the end of a towel happen to be left in a hnsin of water, it will empty the 
basin of its contents. And, on the same principle when a dry wedse of wood is 
driven iuto the crevice of a rock, and afterwanls moistened with wnter, as 
when the rain falls upon it, it will absorb the water, swell, and sometime* split 
the rock. In this manner, mill stone quarries are worked in Oermnny. 

A beautiful experiment, dependent on the sRme principle of capillary attrae- 
tion, may be thus performed. Take two pieces of flat glaxs, joined together at 
one side, and separated at the other by a thin strip of wood, card, or other sub- 
stance. When thus prepared, immerse thegl:i>s in colored water, having previ 
onsly wet tlie inner snrfnce. The water will then rise between the pieces of 
glass, forming a beautiful curve, the higher part appearing where the pieces of 
glass are in contact. 



283 What is meant by the level or cqiiilibritim of fluids ? Have all fluids 
a tendency to preserve this equilibrium.' What ftdlows from this.' Of what 
is this kvel or equilibrium of fl iids the nalnrni result ? How does the gravi 
lation of solid bodies diflbr from that of fluids I* 284. Do fluids of difl^rent 
densities all preserve their own equilibrium i What illustration is given ts 
prove this 
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der surfaces of each fluid will partake of the spherical form of the 
earth, to which they all respectively gravitate. 

286. A water-level is an instrument constructed on 

the principle of the equilibrium of fluids. It consists of 

a glass tube, partly filled with water, and closed at both 

ends. When the tube is not perfectly horizontal, — 

that is, if one end of the tube be lower than the other,— 

the water will run to the lower end. By this means the 

level of any situation to which the instrument is applied 

may be ascertained. 

8B7. lUustraUon. Fig. 47 represents a wa- Fig. 47. 

(er-lerel. A B is a glass tube partly filled with ^ ^ ° 

water. C is a bubble of air occupying the d >— ac— »^ fc a 
■pace not filled by the water. VViien both 
ends of the tube are on a level, tlie air bubble will remain in the 
centre of the tube; but if either end of the tube be depressed, the 
water will descend and the air bubble will rise. The glass tube 
wlien used is generally set in a wooden or brass box. It is an in- 
Btrament much used by carpenters, masons, surveyors, &c. 

288. Solid bodies, therefore, gravitate in masses, — 
•their parts being so connected as to form a whole, their 
weight is concentrated in a single point called the centre 
of gravity ; (seeM). 164;) while every particle of a fluid 
may be considered as a separate mass, gravitating inde- 
pendently of each other. 

It is for this reason that a body of water, in falling, does less in- 
jury than a solid body of the same weight. But if the water be 
converted into ice, the particles losing their fluid form, and bein^ 
united by cohesive attraction, gravitate unitedly in one mass. 

289. Fluids not only press downwards like solids, hut 
also upwards, sideways, * and in every direction. So 
long as the equality of pressure is undisturbed, every 



* If the particles of fluids were arranged in reg- 
«lar columns a* in Fiir. 48, there would be no Tig, 48. 
kUeral preMiire; for when one particle Is perpen- /^■>^/<^/^"V^ Fi£. 49!. 
dicularly above the other, it can press only down- ' » Y Y i 
tearda. But if the particles be arranged as in Fig. 
49, where a particle presses lieiween two particles 
beneath, these last must suffer a lateral pressure. 
In whatever manner the particles are arranged, if 
they be globular, as is supposed, there must be 
spaces between them. See Fig. Ist, page 3. 




& 



286. Upon what principle is a water-level constructed f Of what does it con* 
■ist f For what is it u«ed ? 287. What ttgme represents a water-level ? Ex- 
plain the figure. 288. In what manner do solid bodies gravitate f What is the 
centre of gravity ? What effect has gravity on the pwriiclos of fluids ? Ilow 
long will the particles of fluids remain at rest ? Explain Fig. 48. What doss 
Fig. 49 represent f 
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pfiticle will remain at rest. If the fluid be disturbed b 
agitating it, the equality of pressure will be disturbec 
and the fluid will not rest until the equilibrium is re 
stored. 

290. JUustration. The downward pressure of fluids is shown b 
making an aperture in the bottom of a vessel of water. Every pa 
tide of the fluid above the aperture will run downwards throug 
the opening. 

29L The lateral pressure is shown by making the aperture at tl: 
side of the vessel. The fluid will then escape Uirough the apertui 
at the side. 

292. The upward pressure is shown by taking a glass lube, op* 
at both ends, putting a cork into one end, (or stopping it up wil 
the finger,) and immersing the other in the water. The water wi 
not rise in the tube. But the moment that the cork is taken ou 
(or the finger is removed,) the fluid will rise in the tube to a lev 
with the surrounding water. 

293. The pressure of a fluid is in proportion to th 
perpendicular distance from the surface ; that is, th 
deeper the fluid the greater will be the pressure. Th 
pressure is exerted in every direction, so that all tb 
parts at the same depth press each other with equi 
force. 

294. Illustratians. A bladder, filled with air, being immersed 
water, will be contracted in size, on account of the pressure of ti 
water in ail directions ; and the deeper it is immersed the more w 
it be contracted. 

295. An empty bottle, being corked, and bv means of a weig 
let down to a certain depth in the sea, will either be broken by tl 
pressure, or the cork will be driven into it, and the bottle be fill( 
with water. This will take place even if the cork be fastened wi 
wire and sealed. But a bottle filled with water, or any other liqui 
may be let down to any depth without damage, because, in tL 
case, the internal pressure is equal to the external.* 

* " Experiments at sea. — We arc indebted lo a fViend, who ha« just arriv 
from Europe, says the Baltimore Gazelle, for the following experimeuts ma 
on board the Charlemagne : 

• '^26lh of September, 1836, the weather being calm, I corked an empty wi 
bottle, and tied a piece of linen over the corii ; I then sank it into the sea i 
hundred feet ; when drawn immediately up again, the cork was inside, the lin 
remained as it was placed, and the bottle was tilled witli water. 

"I next made a noose of strong twine around the bottom of the cork, whlcl 
(breed into the empty bottle, lashed the twine securely to the neck of the boti 



290. IIow is the downward pressure of fluids shown ? The lateral pressun 
The upward pressure ? 293. To what is the pressure of a fluid in proportioi 
In what direction is this pressure exerted .' What illustrations are given 
prove this ? Why can a bottle, filled with water, or any other liquid, be 1 
down 10 any depth without injury ? What experiment is mentioned In t 
notef 
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296. From what has now been stated, it appears that the lateral 
pressure proceeds entirely from the pressure downwards, or, in other 
words, from the weight of the Hquid above ; and that consequently 
the lower an orifice is made in a vessel containing water ^or any 
other liquid, the greater will be the force and velocity with which 
the liquid will rush out. 

297. Illustration. Fig. 50 represents a ves- Fig. 50. 
lel of water, with oriBces at the sid« at differ- 
ent disUinces from the surface. The different 
carves in that figure, describing the course of 
the liquid in running out of the vessel, show 
the force of the pressure on the liquid at dif- 
ferent depths. At A the pressure is the least, 
because there is less weight of fluid above it. 
At B and C the fluid is driven downwards by 
the weight of that portion above, and it will be strongest at C. 

296. As the lateral pressure arises solely from the downward 
pressure, it is not affected by the width or the length of the vessel 
in which it is contained, but merely by its depth ; for as every par- 
ticle acts independently of the rest, it is only the column of particles 
immediately above the orifice that can weigh upon and press out 
the water. 

299. The lateral pressoie on one side of a cubical vessel will be 
equal only to half of the pressure downwards; for every particle at 
the bottom of the vessel is pressed upon by a column of the whole 
depth of the fluid, whilst tlie lateral pressure dirninishes from the 
bottom upwards to the surface, where the particles have no pres* 
sore. 

300. The upward pressure of fluids, although apparently in oppo- 
sition to the principles of gravity, is but a necessary consequence 
of the operation of that principle ; or, in other words, the pressure 
upvoards as well as the pressure doumtoards is caused by gravitj^. 

301. Illustration. When water is poured into a vessel with a 

and sank the bottle six hundred (Iset. Upon drawing U up immediately, the cork 
was found intside, having Torred it« way by the twine, and in ao doing had 
broken itsieif in two pieces; the bottle was filled with water. 

*' 1 then made a stopper of wliiie pine, long enough to rench to the bottom of 
the bottle; after forcing tliis stopper into the bottle, I cut it oflT about half an 
inch above the top of the bottle and drove two wedges, of the same wood, into 
the stopper. I sank it 600 feet, and upon <i«awing it up immediately the stop- 
per remained as I placed it, and there was mbout ft gill of water in ihe bottle, 
whicli reninineil unbroken. The wnter must have forced its way through the 
pores of the wooden Hiopper, although wedged as aforesaid ; and had the bottle 
remained sunk long enough, there is no doubt that it wonid have been filled 
wiih water." 

It is the opinion of some philosophers that the pressure at very great depths 
of the sea is so great thttt the water is condensed into a solid stale ; and that at 
or near the centre of the earth this pressure converts the whole into a solid 
of fire. 



296. What causes the lateral pressure f What follows from this ? Explain 
Fig. 50. 298. Does the length or the width of the vessel in which it is con- 
tained have any effect upon the lateral fircssure ? By what is it affected f 299. 
How does the lateral pressure on one side of a cubical vessel compare with the 
pressure downwards i How would yuu explaiu this } 300. What causes the 
npward and downward pressures ! 

6* 
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Fig. 51. 




■pout Qike a tea-pot, for instance), the water rises in the sponttoa 
level with that in the body of the vessel. The particles of water at 
the bottom of the vessel are pressed upon by the particles above 
them, and to this pressure they will yield, if there is any mode of 
making way for the particles above them. As they cannot descend 
througn the bottom of the vessel they will 
change their direction and rise in the spout. 
Fiff. 51 represents a tea-pot, and the columns 
of balls represent the particles of water magni< 
fied. From an inspection of the figure it ap- 
pears that the particle numbered 1, at the bot- 
tom, will be pressed laterally by the particle 
numbered 2, and by this pressure forced into 
the spout, where meeting with the particle 3 it 
presses it upwards, and this pressure will be continaed from 3 to 4. 
from 4 to 5, and so on till the water in the spout has risen to a level 
.with that in the body of the vessel. If water be poured into the 
spout the water will rise in the same manner in the body of the 
vessel ; from which it appears that the force of pressure depends 
entirely on the height, and not on the length or breadth of the 
column of fluid, as is stated in No 298. 

302. The Hydrostatic Bellows. From what has now been stated 
it appears that any quantity of fluid, however small, may be made 
to counterpoise or balance any quantity, however large. This it 
called the hydrostatical paradox, and it is shown by an instrument 
called the hydrostatical bellows. 

303. Fig. '2 represents the hydrostatic 
bellows. A B is a long tube, one inch 
square. C D £ F are the bellows, consist- 
ing of two boards, eight inches square, con- 
nected by broad pieces of leather, or India 
rubber cloth, in the manner of a pair of 
common bellows. By putting one pound 
of water in the tube, it will raise sixty-four 

S>unds on the bellows.* The Hydrostatic 
ellows belonging to " the Boston School 
set '* are eight inches square, marked into 
sixty-four square inches, on the top, — or 
into sixteen squares of two inches each. 
There are two square tubes connected with = 
the bellows, one of one inch and another of 
two inches in diameter, or a sixty-four and 
a sixteenth of the surface of the bellows. If 
a pound of water be put into the larger tube, F D 

* The fundamental principle of mechanice or the laws of motion is here also 
in full forcei namely, thai what is gained in po^^e^ is lo»t either in time or ia 
space -f for although one pound is here made to raise sixty-four pounds, it ia to 

Illuiitrate this by Fig. 51. Upon what does the three of pre-ssure depend f What 
is m< ant by the hydrostatic paradox ! What is the u^e nf the hydrostatic bel- 
lows ? What Fig. represents the hydrostatic bellows .' Explain the Fig. What 
is the fundamental principle of mechanics } la this the principle of the hydro- 
static bellows f 



Fig. 53. 
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305. If water be contined in any vessel, and a pres- 
sure to any amount be exerted on a. square inch of that 
water, a pressure lo an equal amount will be transmit- 
ted to every square inch of Ihe surface of the vessel in 
which the water is contined.* 

306. Ilhutralum. 
upon thii prtDi 
Bramah'ihvdroBt 
repreaented in F 




clumber of the cylinder C D below the great piston. Let us now 
suppose the entire space between the two pistons to be filled with 
water, Slid a pressure of one pound eierleo on the water by means 
of the pislon U of the rnrcing>punip. Let us also suppose that Um 
diameter ortlie piston G is a quarter of an inch, and that the diani> 
eler of the plsloo B is one foot. In that case tlie base of the platoo 
B, which is preued by the water, is 33(14 limes the base of the piston 






,ich pre, 



of 



Crt of Ihe base of the greater p 
H. Thus an urging ptessur 
ton G, will produce a presauri 
greater piston B. 

be rsmsrked Ihal lbs dlilurc or 1 
iM !• aa mucb len ihim iliil oyer i 
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307. A fluid specifically lighter than another fluid 
will float upon its surface.^^ 

308. A body speciiicaliy lighter than a fluid will sink 

in the fluid until it has displaced a portion of the fluid 

equal in weight to itself. 

300. Illustration. If a piece of cork is placed in a vessel of 
water, about one third part of the cork will sink below, and the re- 
mainder will stand above the surface of the water; thereby displae- 
ing a portion of water equal in bulk to about a third part or the 
cork, and this quantity of water is equal in weight to the whole of 
the cork ; because the specific gravity {See J^o. Iw) of water is about 
three times as great as that of cork.t 

310. The standard which has been adopted to esti- 
mate the specific gravity {See J^To. 100) of substances in 
general, is rain or distilled water. 

311. ETplanation. As heat expands and cold condenses all 
metals, their specific gravity cannot be the same in summer that it 
is in winter. For this reason they will not serve as a standard to 
estimate the specific ^avity of other bodies. The reason that dis' 
tUled water is used is, that spring, well, or river water is seldom 
perfectly pure ; and the various substances mixed with it afiect its 
weight. Taking, therefore, a certain quantity of rain or distilled 
water, we find that a quantity of gold, equal in bulk to the water, 
will weigh nearly twenty times as much as the water ; of lead, 
nearly twelve times as much; while oil, spirit, cork, &c. will 
weigh less than the water, t 

enfine itself is constructed. It also enables ns with great facility to transmit 
the motion and force of one machine to another, iu cases wh3re local circum- 
stances preclude the possibility of insiituiiiig any ordinary mechanical con- 
nexion between the two machines. Thus, merely by means of water-pipes^ 
the force of a machine may be iransmitied tu any distance, and over iuequali- 
Un of ground, or through any other obstructions. 

* The slaves in the West Indies, it is said, steal mm by inserting the long 
neck of a bottle, fbll of water, through the top aperture of the rum cask. Tb« 
waler fhlls out of the bottle into tl.e coslc, while the lighter rum ascends In its 
steatl. 

t It Is on the same principle that boats, ships, Ac. although composed of ma- 
terials heavier than water, are made to float. From their peculiar shape they 
are made to set lightly on the water. The extent of the surface presented to 
the water counterbalances the weight of the materials, and the vessel sinks to 
such a depth as will cause it to displace a portion of water equal iu weight to 
the whole weijEht of the vessel. From a knowledge of the specific gravity of 
water, and the materials of which a vessel is compose^l, rules have b^ii formed 
by which to estimate the tonnage of vessels — that hi to say, the weight wbieh 
the vessel will sustain without sinliing. 

X The following table shows the specific gravity of the substances therein 

807. When will one fluid float upon another } 808. What ii« stated with r»> 
gard to a body speciflcally lighter than a fluid ? What illustration of this is 
given? How do the specific gravities of water and cork compare with each 
other f Upon what principle is ii ihat boats, ships, d:c. are made to float upon 
the water? What rules have Iteen formed frntn the knowledge of the s|iecific 
gravity of water and the materials of which vesiiels are conipoHed ? 310. What 
standard has l>een adopted to estimate the speriflc gravity of sutiitiancai in gene- 
ral f MThy coukl not metals have been adopted ? Why is distllkMl waior nsed? 
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Fig. 64. 



312. The specific gravity of bodies that will sink ia 
water is ascertained by weighing them first in water, 
and theo out of the water, and dividing the weight out 
of the water by the loss of weight in water. 

313. Fig. 54 represents the scales for 
Mcertaining the specific gravity of bodies. 
One scale is shorter tlian the other, and a 
hook n attached to the bottom of the scale 
b which substances, whose specific gravi- 
tj is sought, may be attached and sunk in 
water. 

314. Illustration. Suppose a cubic inch 
4^ gold weighs 19 ounces when weighed 
ootof the water, and but 18 ounces* wiien 
weighed in water — the loss in water is 
one ounce. The weight out of water, 19 ounces, being divided by 
me (the loss in water^ gives 19. The specific gravity of gold, then, 
woold be 19; or, in other words, gold is nineteen times heavier than 
wtter. 

■entioned. It Is to be understood that all siibsttinces whose HpeoiHc smvity Is 
grcster than water, will sink when immerBed in it, and thai all whoste speciiie 
gravity is iesn than that of water, wili float in it. Let us then take a quantity 
of water which will weigh exactly one pound ; a quaniity ul' the subbiauces 
■pecilied in the table, of Uie same bulk, will weigh as fulluws : 




natinam. 


23. pounds. 


Fine Gold, 


19.640 * 


Mercury, 


14.019 • 


Lead, 


11.525 « 


Silver, 


11.091 * 


Copper, 


9.000 * 


Iron, 


7.645 * 


Marble, 


2.705 » 


Glass, 


3.000 * 



1.793 pounds, 
t 



Living men. 

Ash, 

Deuch, 

Elm, 

Fir, 

Cork, 



,?9\ pounds. 



.800 
.700 

.t;oo 
.soo 

210 



Common Air, .0011 
Hydrogen gas, .0'X)105 * 



Chalk, 

Coal, 1.250 

Mahogany, 1.0(>3 

Milk, 1.034 

Bo.x wood, 1.030 
Rainwater, 1.000 

Oil, .920 

Ice, .908 

Brandy, .820 

A cubic foot of water weighs one thousand avoirdnpois ounces. By multi- 
plying the number oppofiile to any article in the aliove table by one thousand, 
we obtnin the weight of a cubic foot of that article, in onncen. Tbuu a cubic 
fiwt of platinum is 23000 ounces in weight. 

In the above table it appears that the speciflc gravity of living men is about 
one ninth less than that of common water. So long, ihVret'ore, as the lungs can 
be kepi free from water, a person, although unacquainted with the art uf swim- 
aiing , will not completely sink, provided the hands and arms be kept under the 
water. 

The specific gravity of sea water is greater than that of the water of lakes 
sod riyem, on account of the salt contained in it. On this account the water of 
lakes and rivers has less buoyancy, and it is more dUHcult to swim in it. 

* Gold will wei:^h less in the water than out of it, on account of the upward 
pressure of the particles of water, which in some measure supports the gold, 



What bodies will sink when immersed In water ? What will float f What 
is the weight of a cubic foot of water f What is the use of the above table ? 
How does the speciflc gravity of living men compare with that of writer f 
Which is the greater, the speciflc gmvlty cf sea water, or of lakes and rivers ? 
Why ? 812. How is the S|iecific gravity of bodies, that will sink in water, as- 
certained f What illustration is given f Exidain Pig. 54. Why will gold 
weigh less in the water than out of it.' How does this upward pressure of the 
particles compare with the downward pressure of a quantity of water of the 
same dimensions ? What (bllows from this f 
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315. The specific gravity of a body that will not sink 
in water, is ascertained by dividing its weight, by the 
sum of its weight, added to the loss of weight which it 
occasions in a heavy body previously balanced in 
water.* 

31 G. Illustration. If a body lighter than water weighs six ounces, 
and on beins attached to a heavy body, balanced in water, is founa 
to occasion it to lose twelve ounces of its weight, its specific gravity 
is determined by dividing its weight (six ounces) by the sum of ita 
weight, added to the loss of weight it occasions in the heavy body, 
namely, six added to twelve, which, in other words, is 6 divided by 
18, or G-18, which is l-3d. 

317. An hydrometer is an instrument to ascertain the 
specific gravity of liquids. 

318. IllustreUion, The hydrometer is constructed on the princi- 
ple, that the greater the weight of a liquid, the greater will be its 
buoyancy. 

319. The hydrometer is made in a variety of forms, but it gen- 
eral consists of a hollow ball of silver, glass, or other material, with 

and by so doing diminishes its weight. Now, as the upward pressure of these 
particles is exactly suincient to balance the downward pressure of a quantity of 
water of exactly the same dimeutiions with the gold, it follows that the gold 
will lose exactly as much of its weight in water, as a quantity of water of the 
same dimensions with the gold will weigh. And this rule applies to all bodies 
heavier than water, that are immersed iu it. They unit lose a» much of their 
weight in water tu a quantity of water of their ouni dimensions weighs. All 
bodies, therefore, of the same size, lose the same quantity of their weight in wa< 
ter. Hence, the speciflc gravity of a body is the weight of a body, compared 
with that of water. As a body loses a quantity of its weight when immenusil in 
water, it follows that when tlie body is llHed fV'om the water, thai portion of its 
weight which it had lost will be restored. This is the reason that a buciiet of 
water, drawu from a well, is heavier when it rises above the surOice of the 
water in the well than it is while it remains below the surface. For the same 
reason our limbs feel heavy in leaving a bath. 

* The m-ithod of ascertaining the specific gravities of bodies was discovered 
accidentally by Archimedes. He bad been employed by the king of Syracuse 
to investigate the metals of a golden crown which he suspected Itad been adul- 
terated by ttie worlimen. The philosopher labored at the problem in vain, till 
going one day into the batli, he perceived that the water rose iu the bath in 
proportiuii to the buU uf his body. He instantly perceived that any other sub- 
stance of equal size would raise the water just as much, though one of equiU 
weight and less bulk could not produce the same eflTect. He then olitained two 
masses, one of gold and one of silver, each equal in weight to the crown, and 
having fliled a vessel very accurately with water, he first plunged the silver 
Biass into it, and observed the quantity of water that flowed over } he then did 
the same with the gold, and found that a less quantity had passed over than be- 
fore. Hence he inferred that, though of equal weight, the bulk of the silver 

What rule is given with regard to all bodies heavier than water that are im- 
mersed in it f What is the 8|»ecific gravity of a body f What is the reasoa 
that a bucket of water, drawn from a well, is heavier when it rises above the 
snrface of the water, than while it is i)elow it? 315. How can the speciflc grsr 
vity uf bfHiies that will not sink in water be ascertained ! What illnstratiou is 
given f Uy whom was the method of ascertaining the specific gravities of bo- 
dies discovered f In what manner did he ascertain it ? 317. What is an hydro- 
meter' Upon what principle is it constructed f Explain its coiutrucUon. 
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a mdaated scale rising from the upper part. A weight is attached 
below the ball. Wlien the instrument, thus constructed, is immer- 
sed in a fluid, the specific gravity of the fluid is estimated by the 
portion of the scale that remains above the surface of the fluid. 
The greater the specific gravity of the fluid, the less will tlie scale 
sink. 



SECTION X. 
Hydraulics. 

3^0. Hydraulics treats of the motion of fluids, par- 
ticularly of water ; and the construction of all kinds of 
instruments and machines for movin<; them.* 

32 1 . Water, in its motion, is retarded by the friction 
of the bottom and sides of the vessel or channel through 
which it passes. For this reason the velocity of the 

WM greaterlhan that of the gold, and that' the quantity of water displaced was, 
in each experiment, equal to the bulk of the metal. He next made trial with 
the crown, and found it displaced more water than the gold, and less than the 
silver, which led him to conclude, that it was neither pure gold nor pure ailver. 

* In the secor.d iHostratlon, Page 6th, No. 48, some account is given of 
the chemical action of heat upon water ; and the reason is there given why the 
rain which lalls upon the earth, and sinks into it, does not, in the course of 
lime, ii\jure its solidity. The cause of ihe asceut of steam, or vapor, may be 
funnd iu its specific gravity. It may here be stated that ruin, snow, and hail are 
formed by the condensation of the particles of vapor in the upper regions of the 
atmosphere. The watery particles coming within the sphere of each other's 
attractions, unite in the form of a drop, wliich being heavier than the air, falls 
to the earth. Snow and hail differ from rain only in the diflbrent degrees of 
tem|)erature at which the particles unite. When rain, snow, or hail fall, pnrt 
of it reasoeuds in the form of vapor, to form clouds, &c., part is absorbed bj the 
roots of vegetables, and part descends into the earih to form springs. The 
sprii^ form brooks, rivulets, rivers, &c. and descend to the ocean, where being 
again heated by the sun, the water rises in the form of vaiior, again forma 
clouds, and again descends in rain, snow, hail, dec. The specific gravity of the 
watery particles which constitute vapor, is less than that of the air near the 
•arr«ce of the earth *, they will, therefore, ascend until they reach a portion of 
the atmosphere of the same specific gravity with themselves. But the constant 
accession of fi-esh vapor from the earth, ami the loss of heat, causes several par- 
ticles to come within the sphere of each other's attraction, as has been stated 
wJbore^ and they unite in the form of a^rop, the specific gravity of wtiich being 
greater than that of the atmosphere, it will fail in the form of rain. Water, as 
it dMcends in rain, snow, or hail, is pertbcily pure, but when it has fallen to the 
earth, it mixes with the various substances through which it passes, which give 
Haapeciea of flavor, without aflbcting its transparency. 

In what proportion does the scale sink .' 320. Of what does hydraulics treat f 
What is the cause of the ascent of steam or vapor f How are the panicles of 
tills vapor fi)rmed into rain, snow, or hail f How long will these particles re- 
main in the upper regions * What becomes of them alter they have (allea f 
S91. What rauirda the mntinn nfwutMr f 
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surface of a canal or river is always greater than that of 
any other part.* 

3^2. A fluid running from an orifice in a vessel is 
discharged with the greater rapidity when the vessel 
from which it flows is kept constantly full. 

323. When a fluid spouts from several orifices in the 
side of a vessel, it is thrown to the greatest distance 
from the orifice nearest to the centre."}* 

324. A vessel filled with any liquid will discharge a 
greater quantity of the liquid through an orifice to 
v/hich a short pipe of peculiar shape is fitted, than 
through an orifice of the same size without a pipe.;^ 
But if (he pipe project into the vessel, the quantity db« 
charged will be diminished instead of increased by the 
pipe. 

3*25. The quantity of a fluid discharged through a pipe or an ori- 
fice 19 increased by heating the liquid ; because heat diminishes the 
cohesion of the particles, which exists, to a certain degree, in til 
liquids. 

326. The velocity of a current of water may be as- 
certained by immersing in it a bent tube, shaped like a 
tunnel at the end which is immersed. 

327. IHustration. Fig. 55 is a tube shaped like a tunnel, with the 
larger end immersed in an opposite direction to the current. The 

* In consequence of the fViction of the banks and beds of rivers, and tbe nu- 
merous oliiitncles they meet in their circuitous course, their progress is slow. If 
it were not for these impediments, the velocity which the waters would acquire 
wouid firotluce very disastrous consequences. An inclination of three inches in 
a mile, in the bed of a river, will give the current a velocity of about three miles 
an hour. 

f This is true only on the condition that the vessel be not elevated. If the 
vessel l>e elevated, the lowest orifice will discharge the fluid to the greatest dis- 
tance, but wtien tlie vessel is placed low,-the fluid will reach the plane before 
iXz nrojectile force is expended. 

^. This i. '*aused by the cross currents made by the rushing of tbe 'water flrom 
d inherent directi«.r« towards the sharp-edged orifice. The pipe smootha the pas- 
sage of the liquid. 

. ^^— — ■ ' ■ — — ^— — ^— ii^^i.^— ^^rf 

Why does the snrfhce of a canal or ijver have a greater velocity than any 
otiier part f What benefit resulu firom fi-iction retarding ihe motion of water f 
822. Dues the fulness of a vessel from the orifice of which a fluid is running, 
have any eflt^ct upon its velocity i 323. When a fluid spouts from several ori- 
fices in the side of a vessel, firom which is it thrown to the greatest distance.' 

324. What etTect will a pi|>e, fitted to an orifice, have with regard to the qnan- 
tiiy discharged i What wiU be Ihe effect if ihe pipe project into the vessel f 

325. lluw can the quantity discharged through a pipe or orifice, he increased f 
Why will heat increase it .' 32ti. How can the velocity of a current of water 
be ascertained i What does Fig. 65 represent i How is the rapidity oif the 
c»!!*«ni «i«tiniated f 



HTDRAULICS. 



61 




rapidity of the carrent is estimated bj Fig. fiS. 

the height to which the water is forced 
into the tube, above the surface of the 
current. By such an instrument the 
comparative velocity of different 
streams, or the same stream at dif- 
ferent times, may be estimated. 

328. Waves are caused by 
the friction between air and 
water.* 

329. The instruments used 
for raising or drawing water or 
other liquids, are the syphon, 
the common pump,! the chain 
pump, the forcing pump, and 
the screw of Archimedes. 

330. The screw of Archimedes is a machine said to 

Aave been invented by the philosopher Archimedes, for 

raising water and draining the lands of Egypt, about 

200 years before the Christian era. 

331 . niustratumTig' Fig. 56. 

mre 56 represents the 
■crew of Archimedes. 
A single tube, or two 
tubes, are wound in 
the form of a screw 
around a shaft or cy- 
linder, supported by 
the prop and the piv- 
ot A, and turned by 
the handle n. As the 
end of the tube dips 
into the water, it is 
filled with the fluid, 
which is forced up 
the tube by every suc- 
cessive revolution, until it is discharged at the upper end. 

* It has been said, (and the experiment hnn been tried,) that when oil is poor, 
ed on the windward side of a pond, the whole surface will become smooth. 
Ths oil protects the water from the friction of the wind or air. It is said, also, 
that boats have been preserved in a raging surf, in consequence of the sailors 
having emptied a barrel of oil on the water, which has thus been protected firom 
the fliction of the air. 

t The common pump, and the fbrcing pump, will be explained in connexion 
With pneumatics. 




What is the use of the instrument f 329. What causes waves ? What is some- 
tiiiieM done to remove this friction ? 329. What instruments are used for raisins 
li(|uids f 330. What is said of- the screw of Archim3des { Explain the use of 
this screw by Fig. 56. 

6 
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532. The chain pump ia 
twaid of ships. 

533. lUuHralim. Fig. 57 repr*«ent< a chain 
pump. It coDiiils of a squkre bo> Ibrougli 
which a number of sqiure Wrdi or buckrU, 
coniicclcd b; aehsin ■■ made to pun. The 
chain passfa CTer tbe wheel C aad uuder Ihe 
wheel b, which ii undec waler. The buck- 
ets are mnde to lil tiie box, but not so ai lo 
ereale much frielion. The upper wheel, C, 
is turned by a crank, (not reprrnenled in the 
Fig ) which cauBCa the chain with Ihe buckeU 
BtlBched to pau through the boi. Each buck- 
et, fu it enten the hoi, lifti up the walei above 
it, and diachiigea it at Ibe top. 

334, Springs and rivulets are form- 
ed by Ihe wuter, from rain, snow, Stc, 
which penetrates the earth, and de- 
scends until it meets a substance which 
it cannot penetrate. A reservoir is 
Ihen formed by the union of small ^^ 
streams under ground, and the water^^ 
continues to accumulate until it fiuds^ 
an outlet. 



335. lUuitratimt. Fig. 
B6 repreaenU a body of 
Waler, A, forirted bj Ibe 
continual acceHion of 
water received from tho 

tacts or rivulets, a a a a. 
Ifhen . 
liigh ai B it finds 



1 kind of pump used on 





. . ..le (iround 

•t the aide of a hill, and 
then forms a apring at C. 

936. A spring will rise nearly as high, but cionot 
inae higher than the reservoir from whence it issues. 
Water tnay he conveyed over bills and Talleys in bent 
pipes and lubes, or through natural passages, to any 



Bft auTrlvuleu foi 
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height which is not greater than the level of the rese^ 
voir from whence it flows.* 

337. Fountains are formed by water carried through 
natural or artificial ducts from a reservoir. The water 
will spout through the ducts to nearly j* the height of 
the surface of the reservoir. 

338. The Syphon J is a tube bent in the form of the 
letter U, one side being a little longer than the other. 

339. lUustratian. Fig. 59 represents the Syphon of the Boston 
School set. A syphon is used by filling it with water or some other 
flaid, ilien slopping both ends, and in this state immersing th« 
shorter leg or side into a vessel containing a liouid. The ends then 
beins unstopped, the liquid will run through tne syphon 

untif the vessel is emptied. In performing this experi- FJ^*9» 
ipenl, the end of the syphon which is out of the water ^ 
must always be below the surface of the water in the 
vessel. Toe syphon may be used to show the equili- 
briam of fluids, by pouring in a small quantity of mercury 
and thirteen and a half inches of water into the largest 
part. The liquids will rise in each side or leg of the sy- 
phon, in height, proportioned to their specific gravity. 
The mercury being of specific gravity thirteen times 
greater than that ofwater, will balance thirteen times its 
b«lk ofwater. Consequently the water will rise thiiteen 
times aa high on one side of the syphon as the mercury 1 1 
u on the oUier. But if one liquid only is poured into the (J 
syphoo it will rise to the same height in both sides or 
legs of the syphon. Any other liquids may be used with similar 
eTOCt : namely, the lighter liquid will rise as much higher on ono 
side of the syphon than the other as the specific gravity of the on# 
fluid exceeds that of the other. 

340. Tantalus' cup consists of a goblet containing a 

* The ancient Romans, i/^orant of ihis property of fluids, constructed vast 
a^oetfaeta H^roas valleys, at great expense, to convey water over them. The 
Modems eAset tlie same oliject by mean* of wooden, metallic, or atone pipes. 

f. Tke reaistanoe oT the air prevents the fluids from rising to quite the same 
heiglit wiih the reservoir. 

X The Syphon belonging to** the Boston School $tt " ia a glass tube, the longer 
arm of which is about 21, and the shorter arm about 6 inches in length. Be- 
sides iha experiment? made with it, which are meuiioned above, the followioe 
may be perfbrmed. 1. Screw the stopcock (See Fig. 66.) into the short end 
of tlie syphon ; close the sto|»-cock, and pour a quantity of mercury into the 
longer arm. The air contained in the shorter arm will prevent the mercury 
ttom rising in that arm, but on turning the stop-cock, the mercury will rise to 
an equilibrium in both arms. 

sar. How are fountains formed f How high will the water spout through 
the ducts? What prevents the fluids from rising to the same height with the 
reservoir I S38. What is the syphon f In what manner is the syphon used f 
How can the syphon be used to show the equilibrium of fluitis i How high 
will the liquid rise in each side of the syphon ? What experiment, made with 
the syphon, is mentioned in the note ? 840. What ia Tantalua' cnp ? 




M 



NATURAL PHILOSOPHY. 



rii.to. 



Hmall figure of a man. A ayphon is con- 
cealed within ihe figure, which empties (he 
water from the goblet aa fast as it is poured 
in, BO that the glass can never he filled. 

Fig. 00 repreaeDtg Ihe cup with the syphon. Tin 
firnre of the inin ia omilled, in uidec that tbe poeilioa | 
ol tlie sjphon m<iy be seen. 

341. Water by means of ita weight or its 
force when in motion, becomes a mechanical 
agent of great power. It is used to propel 

or turn wheels of different construction, which being 
connected with machinery of various kinds, form 
mills, &.C. 

342. There are three kinds of waler-wheela, called 
undershot, overshot, and breast wheels. 

343; The Overshot wheel ia a wheel set in motion by 
the weight of water flowing upon it. 
raotkoo at tbe ti'^p. 

344. lUuftrrUion. Fig. CI reprewnts 
the overahDt wheel. It coneialii uf a 

re^nled in tSe Fig.) with compart- 
menu aalled buckela, a t c d, &c., at 
the circumrerence, which are auc- 
cnuiTeTy filled with water fVom the 
Biream S. The weight of the water 
in the buckets causes the whrel to 
turn, and the buckets being gradually 
inverted are emptied as they descend. 
It will be aeen, from an inapectinn of 
the Gjore, that the buckets in the desceui 
always filled, or partly filled, while [hose 
ing part are alwaya empty ' ' " 






This kind of wheel is the ni 




It powerful of all the waler- 



345. The Undershot wheel la a wheel which ia set in 
motion by the motion of the water. It receives ita 
impulse at the bolton). 



iiiical ajiwil t H2. I 



■ 341. How, sikI IM 



i. Wbai y ilw a*. 
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Fig. 

G& irpnaeaU the nnder- 
Bbot wheel. laaleid of 
bucket! It the circumfer- 
eace, it U fuiniilied with 

Ce ■artace>,ca]l«d Suat- 
da.a b ed,JlK., which 
leceiie the impulK of the 
water. Mid caiue the wheel 



547, The Breast wheel it a wlioel whii^ receives the 
water at about half its own height, or at the level of its 
axis. It is set in 
■notion both by the 
weigh! and di« mo- 
tion of the water. 
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349. In *II the wbeelB which have been dMNibed, the motioa 
pren la the wheel, » communtcited in other micbinerj or [ear- 
uif, u it b called, by other wheeli or pinion* attached lo the ui^ 
■uch M baTB heeo dneiibed in page ti. No. SXk 



SECTION XL 

Piitvmalici. 

S50. Poeumalica treats of the nature, mechanical 
properties, and efiecte of air and similar fluids, which 
are distinguished by the name of aeriform fluids. 
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351. The air which we breathe is an elastic fluid which sur 
rounds the earth, and extends about forty-five miles above its sur- 
face.* It possesses many of the properties belonging to liquids in 
general, besides several others, the result, or, perhaps, the cause of 
Its elasticity. Its specific gravity is eight hundred times less than 
that of water, t 

352. Air, steam, vapor, gas, are all elastic fluids possessing the 
same mechanical properties t Whatever, therefore, is stated in re- 
lation to air, belongs in common to all of these fluids. 

353. Air and other similar fluids have weight, .but their particles 
do not, under any circumstances, adhere together; or, in other 
words, they are influenced by gravity, but have no cohesive attrac- 
tion. § 

354. Air has two principal properties, oamely, grav- 
ity or weight, and elasticity. 

355. By the elasticity of the air is meant its power 
of increasing or diminishing in bulk, or extension, ac- 
cording as it is more or less compressed. || It is this 

* See 2d note to No, 98, page 13. 

t TIm air it necessary to animal and vegetable life, and to combustion. It If 
a very heterc>g:eiieoas mixture, being filled with vaiiors of hII kinds. It consista. 
however, of two principal ingredients called oxygen and nitrogen, or asote |oi 
the fbrmer of which there are 28 parts, and of the latter, 72 in a hundred. The 
air is not visible, b^use it is perfectly transparent. It may be felt when It 
moves in the form of wind, er by swinging the hand rapidly bacliward and fi>r^ 
ward. 

t The chemical properties of liquids, fluids, &c., are not treated in the sciences 
of rneumaiicd, Hydraulics, or Hydrostatics, but t>elong peculiarly to the science 
of chemistry. They are not, therefore, described in this work. 

§ It has already been stated [See No. 70], that heat insinuates itself betweea 
the particles of bodies, and forces them asunder, in opposiiiou to the attraction 
of cohesiof iiul of gravity ; it, therefore, exerts its power against both theatir4C* 
tion of gi aiion and the attntctiou of cohesion. But as the attraction of co- 
hesion d<M -ut exist in fluids in the form of air (or aeriform fluids), the expan- 
sive powei of heat has nothing to contend with but gravity. Any increase of 
temperature, therefore, expands an elastic fluid prodigiously, and a diminution 
of heat condenses it. 

g The terms ^^ rcurefaetion^^^ and ^'' rarefied^ are applied to air when it is ex- 
panded ', and " condeiueUion,^'* or " condensed *' when it is compressed- It has 
already been stated [Seepc^e 13, No. 98], that the air near the surface of the 
earth bears the weight of that which is above it. Being compressed, therefore, 
by the weight of ihat above it, it must exist in a condensed form near the sur- 
fince of tlie earth, while in the upper regions of tlie atmosphere, where there is 
BO pressure, it is highly rarefied. This condensation, or pressure, is very simi- 
lar to that of water at great depths in the sea. [Set No, 295. J 

S51. What is the air which we breathe f How far does it extend above the 
surface of the earth f Does it possess properties common to liquids in general f 
How does its specific gravity compare with that of water i Of what two prin- 
cipal ingredients does the air consist f What is tlie ]>roportion of these parts 
to each other i 352. What other fluids are named belonging to the claM of 
elastic fluids ? 353. Have the air, and other similar fluids, weight f With what 
power alone has heal to contend in aeriform fluids ! 354. What two principal 
properties has iho air f 355. What is meant by the elasticity of itie air f How 
do the aeriform fluids difTer from liquids f When is the air said to be rarefled i 
When condensed f Is the air, near the surfiu» of the eaith, rare or demw f 
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property which distinguishes the aerifurm fluids from 
liquids. 

356. The air pump is an instrument by means of 
which the air may be pumped or drawn from a vessel 
prepared for the purpose. The vessel is called a re- 
ceiver, and is made of glass, in order that the effects of 
the removal of the air may be seen. 

357. Illustration. Air pumps are made in various ways, and are of 
diii'erent conslructions Some have two barrels, ^or, in other words, 
are double pumps,) and others only one. The aifference between 
them will be present- 



H(Q) 



ly explained. Fig. 64 ^' ^ 
represents a single 
barrel air pump,* used 
both for condensing 
and exhausting. A u 
\a the stand or plat* 
form of the instru- 
ment, which is screw- 
ed down to the table 
by means of a clamp, 
underneath, which is 
not represented in the 
figure. R is the glass 
vessel or bulbed receiv- 
er from which the air p lEEHB^^H ' ^^Tl! 7 .f^^^^^ ^ B 

is to be exhausted. P 
is a solid piston, accu- 
rately fitted to the bore 
of tfaie cylinder, and H 
the handle by which it is moved. The dotted line, T, represents 
the communication between the receiver R and the barrel B ; it is a 
tube through which the air, entering at the opening I, on the plate 
of the pump, passes into the barrel, through the exhausting valve 
XV. c v is the condensing valve, communicating with the barrel B 
by means of an aperture near £,* and opening outwards through the 
eondensing pipe p. 

358. The operation of the pump is as follows : The piston P being 
drawn upwards by the handle ti, the air in the receiver R, by its 
elasticity expanding, passes by the aperture I through the tub^ T, 




* The air pamp, described in this fignre, is one of a number made by A. A D. 
Davis, of this city, by order of a special committee, for the Boston Schools. It 
lias a piston of Iitrge slr-e, being an inch and a hair in calibre. The pneumatic 
iRMtraments, mentioned in this section, belong to the same set, and are fVom the 
same manufacturer. There are several other mnnufhctories of philosophical 
Imirumeiitit, in the city, which deserve commendation, among which may be 
mentioned those of Mr. T. Claxton, and Mr. Chamberiin. 



S56. What Is the use of the air pump f What Fig. represents an air pump f 
Bxptsin the figure. 353. Explain the operation of the pump. 
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ud thronffh the exhausting valve s v into the barrel* On the de 
scent of the piston, the air cannot return through that valve, be- 
cause the valve opens upwartU only; it must, therefore, pass 
through the aperture, by the side of the valve, and through the 
condensing valve c v into the pipe p, where it passes out into the 
open air. It cannot return through the condensing valve c v, be- 
cause that valve opens outwards only. By continuing this opeia- 
tion, every ascent and descent of the piston P inust render the air 
within the receiver R more and more rare, until its elastic power is 
exhausted. The receiver is then said to be exhausted ; and although 
it still contains a small quantity of air,^et it is in so rare a state 
that the space within the receiver is considered a vaantm.^ 

350. From the explanation which has been given of the operatioB 
of this air pump, it will readily be seen that, by removing the re- 
ceiver R, and screwing any vess^ to the pipe P, the ur may be 
condensed in the vessel. Thus tlie pump is made to ezhaost or to 
condense) without alteration.! 

3G0. The double air pump diiTera from the single air pomp, in 
having two barrels and two pistons; which, instead of being moved 
by the hand, are worked by means of a toothed wheel, playing in 
notches of the piston rods. 

361. By means of the air pump the following facti 
are illustrated : Firsts that the air has weight. Sec- 
ondly, that it is susceptible of almost unlimited expan- 
sion. Thirdly, that it can also be condensed, or 
crowded into much smaller dimensions than it naturally 
has.| 

* Froperiy speaking, a yacaam la a space entirely empty, baTlng neiiber sir 
nor any other sulMiance In it. From the explanation now given of the openitioa 
of the air pump, it will Ite seen, that that iostrument ia incapable of prodveisg a 
perfect vacuum. But the air withia the receiver is so exceeillimly rare, whsa 
thus exhausted, that, fbr all practical purposes, it may be considered a ▼aeuam. 
The only mode or producing a perfect vacuum is by means of the TorrioelllsB 
experiment, on the principle of the BanMoeter, whidi will be explained hers* 
itfter. 

f The piston and vahrea of the air pmnp should be kept well oileit. All ilM 
bnuw work, in the Boston School set, being lackered, need not be pnlislied ; baft 
all those paru which come into contact with water should be wiped dry after 
they have been used. 

t This property ii uot illustrated by common air pumps, but is exbihitsd by 
an Instrument called a condensing syringe, or condenser. The peculiar cua- 
struction of the air pump belonging to the Boston School set of phihwophiesl 
inatruments. as has already b^n shown, adapts the instrumest both for ex 
hausting and condenaing, and thereby supplies the plsce of a aeparaie iastm- 
ment for condensing. The condensing syringe is, in fact, nothing more thai 
the air pum.p reversed, by which air is driven into any vessel iost«ul of bete 
drawn out. The valve, therefore, opens inwards in respect to the vessd^ 
instead of outwards, as the exhausting pump is constructed. 



Note, What is meant by a vacuum ? In what way can a perfect vacnom bs 
produced ? 360. How does the double air pump diflTer fh>m the aingle t 9BI. 
wliat facts are illustrated by means of the air pump f S62. What is Hm ini 
experiment B wam ^ ftn ed, to be msde with the air pump f 
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Fig. 65. 




362. Exp«riments to be made toilh the air pump. Pltce the glasf 

receiver R, as represented in Fig. (34, upon the pump plate, and 

exhaust the air t'roin under it, by working the piston up and down. 

The receiver will adhere strongly to the plate. But if the air be 

readmitted, by turning the screw S, the receiver may easily be 

raised. This experiment shows the pressure of the atmosphere, 

caused by its weight. 

3(53. (ig. ()5 represents the hand glass. It is, in 

fact, nothing more than a tumbler, open at both 

ends, with the top and bottom ground smooth, so 

as to fit the brass plate of the air pump. Put it 

upon the plate, and cover it closely with the palm 

of the hand, and work the pump. The air within 

the glass being thus exhausted, the hand will be 

pressed down by the weight of the air above it ; 

and the pressure felt upon that portion of the hand 
over the glass will be equal to 14 or 15 pounds to 

every square inch. This experiment likewise 

shows the pressure of the air. 

3(>4. Place a small bladder, partly filled with air, and tightly 
closed, under the glass receiver, and, on working the pump, thus 
removing the air from around the bladder, the air within will grad- 
ually expand, and cause the bladder to appear full. On turning the 
screw S, and readmitting tlie air, the bladder will immediately re- 
sume its shrivelled appearance. The same effect may be produced 
on a dried apple, or raisin, if the skin be whole. This experiment 
shows the elasticity of the air. 

2H5S. Fig. (56 represents a stop cock, Fig. 66. 

of which there are two, of different 
sizes, with a screw fitted to the a per* 
tare I in the brass plate, or to the pipe 
near the condensing valve c v in front 
of the pump. By inserting the stop 
cock into an India rubber bug, or fitting 

a bladder to it, and screwing it into the pipe in front, and working 
the pump, air will be condensed into it. Whtn this is done, re> 
move the bag or bladder to the screw in the brass plate, and place 
another baff on the condensing pipe. On working the instrument, 
the air will be conveyed from the full to the empty bag or bladder. 
Thus the pump is made to exhaust and condense at the 'same 
time. 

3()6. Fig. 67 represents the elastic tube. 
Screw the elastic tube into the pump 
plate, ana connect the other end by the 
stop cock, with the glass syphon [see Fig. 
5(1] immersed m mercury. On working 
the pump the mercury will rise in the syphon to the height of 




Fif . 67. 




What does this experiment ahow ? 363. What experiment in performed 
with the hand ginsa i To what l« the pressure felt upon that portion of the hand 
over the irlihw equal ? What doeH this exiierinieni show :• SU5. What does 
Fig. 66 rei'reaent f What experiment ia performed with it .' 366. What 
docs Fig. 67 represent i What experiment is performed with it f 
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more than twenty-eight inches, showing that the upward pi6MM?" 
of the atmosphere is equal to this height of roercur/.* ' *'?• 

»»7. With the elastic tube still attached to the air pump, and tfc|»»= 
syphon, as in the last experiment, the stop cock being open,— •to^'"* 
the other end of the syphon witli the finger, exhaust the air. thM^^ 
close the stop cock ; now inaert the end of the syphon, which ii*^»- 
stopped with the finger, into a bowl of water, and remove the finfni ''}^ 
the water will immediately fill the whole length of the syphon, ta4 '« 
would rise thirty -three feet, were the syphon as long. ^^ 

2/66. Fig. ()d represents the instrument 
for raising a weifiHlit by the upward pres- 
sure of the air It consists of a glass tube, 
of large bore, set in a strong case or stand, 
supported by three legs. A piston is ac- 
curately fitted to the bore of the tube, and 
a hook is attached to the bottom of the 
piston, from which weights are to be sus- 
pended. One end of the elastic tube is to 
be screwed to the plate of the pump, and 
the other end attached to the top of this 
instrument. The air beini^ then exhaust- 
ed from the tube, the weights will be rais- 
ed the whole length of the glass. The 
number of pounds weight that can be rais- 
ed by this instrument may be estimated by 

multiplying the number of square inches m the bottom of the piston 
by fifteen. This experiment shows the upward pressure of the air. 

309. Fig. G9 is a bell-shaped glass, covered p^^ ^^ 

with a piece of bladder, which is tied tightly 
around its necK. Thus prepared, it may be 
screwed to the plate of the air pump, or con- 
nected with it by means of the elustic tube. 
On exhaustins the air from the g^ass, the exter- 
nal pressure of the air on the bladder will burst 
it inwards with a loud explosion. The experi- 
ment inuy be reversed, and the bladder burst, 
by condensing air within the glass. For Uiis 
purpose, transfer the glass, or the elastic tube connected with it, to 
the condensing lube P, and, on working the pump, the air will be 
condensed witnin the fflass, and by its pressure burst the bladder 
outwards, with a loud explosion. The former expenmeat is the 
result of the gravity, tlie latter of (he elasticity, of tne air. 

* This experiment furnithea a test of the power of the pump. Caatlon is 
necsMMry in disenira^ng the syphon flron the ^exibie tabe, or takinf it oat of 
the mercury. In all cases, the thumb screw of the air pump shoBld be tamed, 
and air admitted before removing the syphon, 4kc., othrrwine, the air, mriiliif 
in at the lower end of the syphon, will force the mercury violently into tlie air 
pump, and probably break ilie syphon. 





What does this experiment show f 368. What does Fig. 68 represent? Of 
whai does it consist f iiow is it u^ed f How can the number of pcrands weight, 
thut can lie rnise«l by this instrument, be estimated f What does this expert* 
meiit Hhow f 369. What does Fig. 69 represent f What experimeals art 
mentioned in No. 369. Of what is the first experiment the resoltf Ths 
second { 
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370. Fig. 70 ia a glaai nniiUr to the one rep- 
iMenied m the Imit figure, eoTered with looia 
rabber. The Bame ezperiment* may be made 
with thk aa were mentioiied in the last article, 
bat with di^teni resolta. instead of bursting, 
the India rubber will be pressed inwards the 
whole depth of the glaas, when the air is ez- 
hiittd ; and will swell outwards lihe an in- 
iited bladder, when the air is condensed in the 



Fig. 70. 
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371. Fiff. 71 ia called the guinea and feather drop. In most col- 
lections oi philosophical apparatus, this instrument consists of a tall 
receiver, with brass shelves near the lop, on which a 

Eoioea and a feather may be placed. The air being ex- ^'C' ''^' 
Eaosted, and a screw on the top being turned, the sheWes 
drop, and cause Uie guinea and feather to fall together. 
This instrument b designed to show how falling bodies 
are retarded by the resistance of tlie air. When we air is 
within the reeeiyer, the guinea will fall first, while the 
feather, being retarded by the resistance of the air, falls 
slowly; but when the air is exhausted, they will both 
reach the bottom at the same moment. The instrument 
reweaented in the figure is the one belonging to the 
" BkMton School set," and is of different construction, it 
consists of a large glass tube, sealed at one end, and fitted 
for the reception of the stop cock (ms Fig. 6()) at the 
other. A feather and a small piece of brass (in lieu of 
the guinea) are inclosed in it Before exhausting the air, it should 
be tamed several times, to show that the heavy oody (namely, the 
brass) will fall first. It should then be screwed to the plate of the 
pump, the air exhausted, and the stop cock closed. On removing 
It from the pump and turning it up, it will be seen that both the 
feather and tlie brass will fall together, and reach the bottom at the 
same time. 

372. Fig. 73 represents toe straight jet, which is a 
- small brass tube. Fig. 73 is the fountain glass. 

^ * The experiment with these instruments is de- 
signed to show the pressure of the atmosphere 
on the surface of liquids. Screw the stop cock 
to the plate of the air pump, then screw the 
straight jet into the stop cock, and the fountain 

glass over the jet to the cock. Having ex- 
austed the air from the fountain glass, turn 
the stop cock, and removing it with the glass 
from the pump, and immersing it in a vessel 
of water, open the stop cock. The pressure of 
the air on the surface of the water will cause it 
to rush up into the g^lus like a fountain. 

S70. What does Fig. 70 reprenent f flow do the etperimenti mentioned In 
No S70 diflfer flrom those of No. 369 f 371. What does F{g. 71 iriireMent f 
What is this instrument designed to show ! When wilt the guinea fnll flnt f 
When will they both fhll at the same time f S72. What do Figs. 72 and 73 
represent? What are the experiments mads by this Insimment designed to 
show I Wbat experimeat is mentioned here t 
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373. Fiff. 74 represents the flask or glass 
vessel and scales for weighing air. Screw 
the stop cock to the flask, and hanging it 
to the hook under the shorter scale, ascer- 
tain the weight of the flask while it is 
open, and of course, filled wiih air ; then, 
having screwed it into the pump plate, 
and exhausted the air, again weigh the 
flask. The diflerence between its present 
and former weiarht is the weight of the air 
that ^as contained in the flask.* 

374. Fig. 75 is a hollow, brass 
globe or condensing chamber, 
for condensing air. Having part- 
ly filled it with water, and insert- 
ed the stop cock, screw it to P, 
the condensing pipe of the pump, 
and condense the air ; then turn 
the stop cock to confine the air, 
and, removing the globe from the 
pump, insert the straight jet (Fig. 
72) into the stop cock; and, on 
taming the cock,' the pressure of 
the air within the globe will 
force the water out in a beautiful 
stream, and with great force. 

Fig. 76. 



Fig. 74. 




Fig. 75. 





Fig. 77. 




375. The same experiment may be performed with the revolving 
jet represented in Fig. 7G. The water will form a beautiful circle 
m the air as it is forcibly ejected from the jet, and the tube will 
ramdly revolve. 

o76. Fig. 77 is a small brass cylinder, or 
gun barrel, with a screw fitted to the brass 
globe, designed to show the operation of an 
air gun.f Screw the brass globe, with the 

* Condensed air may likewise be weighed in the brass globe, after being 
introJuced an deticribed in the next experiment. In weighing air, the tempera- 
ture of the room niuiit be observed, because heat rarefies it, and renders it lijtht- 
er; therefore the warmer the room in which the experiment is tried, tlie lighter 
the air will be. 

t Condensed air, by its elastic force, will produce efiteta similar to gnnpow- 

373. What does Fig. 74 represent f What experiment is mentioned f Note, 
now can condensed air be weighed f What is necessary to be observed id 
weighing airf 374. What does Fig. 75 reprexent f What experiment is uien- 
tioiied f What does Fig. 76 represent f 376. Wliat does. Fig. 377 repreaeut f 
What is its deaign f Ifote. What is said with regard to condensed air i 
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>p cock^ the condeDsinff pipe of the air pamp, and condenae 

e air. Turn the stop cock, remove the globe from the eoiKien> 

g pipe, and icrew the pin barrel to the atop cock ; put a lead shot, 

: paper ball, into the barrel, and quickly open the stop cock : the 

lot will be thrown with force across the room. 



Plf . Tt. 





377. Fig. 78 represents the straight receiver * Fill 
he straight receiver with water, and, placing it on the 
>]ate of the air pump, cover it with the bulled receiv- 
er, and exhaust the air. The air contained within the 
water will then rise in bubbles, and, escaping fiom the 
surface, present the appearance of boiling water. * 

378. IVith the two receivers, as in the last experi- 
ment, sink a piece of wood in the water, and, on ex- 
hausting' the air from the water, the air will be seen 
issuing irom the pores of the wood. 

379. Fig. 79 represents the glass balloon. With the 
Fig. 79. receiver, as in the last two experiments, 

place the balloon with the neck downwards 

upon the surface of the water. (It will, 

perhaps, be necessary to admit a little 

water into the balloon to make it stand in 

the water.) On exhausting the air, the air 

will be seen issuing from the balloon. The air being 

admitted into the receiver, the balloon will sink ; or, 

again exhausting the air, the balloon will rise. The 

experiment may be repeated at pleasure. 

380. Ether, alcohol, and other distilled liquors, or boiling water, 

£ laced under the receiver, will appear to boil when the air is ex- 
Aosted. 

381. Place a liffhted taper, cigar, or any other substance, that 
will produce smoke, under the receiver, and exhaust the air : the 
liffht will be extin^ished, and the smoke will fall, instead of rising. 
If the air be readmitted, the smoke will ascend. 

388. Fill the straight receiver with water, cover it closely with 
paper, and invert it, — the paper will be held on by the upward 
pressure of the air, although it sustains the whole weight of the 
water. 



Air fans bare been constracted fl*oin wbicb Rhot may be thrown wifli a 
force almost as freiil as that of gunpowder. With the air gun, a bullet may 
be made to perforace a board. With the bmss globe and the cylinder or 
fan barrel. deacril>ed in Fig. 77, the operation of the air gun may easily be 
nadsntood. 

*ms veaiiel properly belongs to the electrical apparatus, and for this reason It 
Is coated with strips of tin foiC like a Leyden Jar. It is userl with ihe pneumatic 
jBstmiiMMits itt the *'• JSosion fikhool set,** under the name of the atrnight re- 
eelver, on account or its small slr^, which allows the bulbed receiver to cover 
H. Economy siiggeats the application of each instrument to as many purposes 
as it can conveuieatly answer. 



What experiment Is mentioned f 877. What does Fig. 78 represent f What 
expsrimeut bi here mentioned .' 378. What expenment is mentioned in Na 
STt? 379. What does Fig. 79 represent f Whnt exfieriment is liere mentioned f 
ttO. What is Slated In Nos. 380 sad S81 f 382. What Is stated in No. S8S * 

7 
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983. Fig. 80 represents the Magdeburgh 
cups or hemispheres. They consist of two 
hollow brass cups, the edges of which are ac- 
curately fitted toj?ether. They each have a 
handle, to one or which the stop cock is fit- 
ted. The stop cock, being attached to one 
of the caps, is to be screwed to the plate of 
the air pump, and left open. Having joined 
the other cup to that on the pump, exhaust 
the air from within them, turn the stop cock 
to prevent its readmission, and screw the 
handle that had been removed to the stop 
cock. Two persons may then attempt to 
draw these cups asunder. It will be fuund 
that great power is required to separate 
them ; but, on readmitting the air between 
them, by turning the cock, they will fall 
asunder by their own weight. When the 
air is exhausted from within them, the prest- 

lure of the surrounding air upon the outside keeps them united. 
This pressure, as has already been stated, is equal to a pressure of 
fifteen pounds on every square inch of the surface. Whence it 
follows, that the larger the cups or hemispheres the more difficult it 
will be to separate them. 

384. By means of a weight, sink a small bladder, partly filled 
with air, and tightly closed, in water contained in the straight re- 
ceiver, — cover it with the bulbed receiver, and exhaust the air, — 
as the surrounding pressure is thus removed the air within the 
bladder will expand, and its specific gravity being thus diminished, 
it will rise. On readmitting the air it will sink again. 

S85. If an animal be placed under the receiver, and the air ex- 
hausted, it will immediately droop, and if the air be not speedily re> 
admitted it will die. 

386. A simple and interesting experiment, connected with the 
science of chemistry, may thus be performed by means of the air 
pump. A watch glass, containing water, is placed over a small 
vessel containing sulphuric acid, and put under the bulbed receiv- 
er. When the air is exhausted, vapor will freely rise from the 
water, and be quickly absorbed by the acid. An intense degree of 
cold is thus produced, and the water will freeze. 

387. In the above experiment, if ether be used instead of the acid, 
the ether will evaporate instead of the water, and in the process of 
evaporation, depriving the water of its heat, the water will freeze. 
These two experiments, apparently similar in effects, namely, tiie 
freezing of the water, depend upon two different principles which 
pertain to the science of chemistry. 



883. What doea Fig. 80 represent ? What experiment is here mentioned ? 
Does the size of the cups have any effect upon their scpuration ? 384. What 
experiment is here mentioned f 3iR5. What one is mentioned in this numl)er f 
S66. What experiment, connected with the science of chemistry, is men- 
tioned ? What will l>e the effect ir ether be used instead or the acid t 
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Tke foUmBtmg experiments may be made with the syphon, [See 
Fig. 5y J 

388. Screw the stop cock into the shorter end of the syphon, cTosn 
the stop cock, and pour mercory or water into the longer side. The 
air contained in the shorter side will prevent the liquids tVuin lisinff 
in the shorter side. But if the stop cock be opened so as to afford 
free passage outwards for the oir, tne fluids will rise to an equili- 
brium, that is, to equal height in both arms of the syphon. 

3d9. With water or mercuir in the syphon, and the stop cock 
open, turn the syphon so that the fluid will enter the shorter arm, 
and when that arm is filled up to the stop cork, close the stop cock 
to prevent the admission of tne air: the syphon may then be turn- 
ed in any direction and the fluid will not run out, on account of th« 
pressure of the atmosphere against it. But if the stop cock be 
opened, the fluid will run out ueely. 

390. With a quantity of water in the balloon, (Fig. 79.) or a 
weight attached lo il sufficient to render its specific gravity nearly 
the same with tliat of water, immerse it in a tall vessel full of 
water, and let it float on the surface. Cover the top of the vessel 
eloaely with India rubber, or any elastic covering. On prc«sintf 
the covering with the hand, the balloon will immediately descend 
in the water, and when the pressure is removed it will again float 
about, rising or falling, or standing still, according to the pressure 
on the covering. 

391 . This experiment may be thus explained : — the pressure op 
the top of the vessel first condenses the air between the cover and 
the surface of the water ; — this condensation presses upon the 
water below, and as this pressure affects every poition of the water 
throughout its whole extent, the watei , by its upward pressure, 
compresses the air within the 'balloon, and makes room for the as- 
cent of more water into the balloon so as to alter the specific gravity 
of the balloon, and cause it to sink. As soon as the pressure cea* 
ses, the elasticity of the air in the balloun drives out the lately en- 
tered water, and restoring the former lightness to the balloon causes 
it to rise. If, in the commencement oAhis experiment, the balloon 
be made to have a specific gravity too near that of water, it will not 
rise of itself, after once reaching the bottom, l)ccause the pressure 
of the water then above it will perpetuate the condensation of the 
air which caused it to descend. It may even then, however, be 
made to rise, if the perpendicular height of the water above it be di- 
minished by inclining tlie vessel to one side. 

392. This experiment proves many things ; namely : 
First. The materiality of air, by tfie pressure of the hand on the 
top being communicated to the water belowr through the air in the 
apper part of the vessel. 

Secondly. The compressibility ofair^hy what happens in the globe 
before it descends. 

388. What experiment, made with the syphon, is mentioned In No. 388 f 
S89 .' 390 * How wouiJ yon exflnin this experiment ? What will l>e the eflfoct 
If the bnlloon^in the commencement of this experiment, be made lo have ^^\^ 
ciflc gravity loo near that of water ? Why will It not tine? How can ii Xtm 
made to rise ? What does this experiment prove ? Fiwt i Secondly t 
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Tlkirdlff. The tiattkitif, or elastic force of air, when the water b 
exp^lkd from the globe, on remoTiD^ the pressare. 

Fourikfy. The li^ktMses ofmir, ia ue boojancj of the fflobe. 

FifiMIif. It *huw« that tJu urtssurM of a liquid i» txertel m fltt £• 
reclionSf becatue the efitfct^ happen ia whaterer position the jar be 
held. 

SixtJkfy. It shows that pressure is as ike deptk^ because less prei* 
•are of the hand is required, the fitfther the globe has deacended io 
the water. 

Seeenildy It e\eniprifies manr circamatances of fluid suj^HnL A 
perstin. therefore, who is familiar with this experiment,* and caa 
explain it, has learned the principal truths of hydrtjstatica and 
pneumatics. 

393. Air may become a mechanical agent by means 
of its four properties, weight, iaertia, fluidity, (or power 
oftransinitting pressure,) and its elasticity. 

334. The pressure of the air, (as has already been 
stated) caused by its gravity or weight, is equal to fif- 
teen pounds on every square inch of any surface ; hence 
it is calculated that a man of common stature has to 
sustain a weight of about fourteen tons of air. The 
equality of the pressure on every part of his body pre- 
vents his being injured by this immense weight ; and 
the air contained within the body and its pores, also 
counterbalances the weight of the external air. If this 
external pressure were removed, the air within the 
body, meeting with no external pressure to restrain its 
elasticity, would burst the parts which confine it, and 
destroy life. This pressure is proved by numbers 361, 
363, and 332, pages 68, 70, and 73. 



* On the sHme principle with the balloon, described in this experiment, i 
ral imafM orglMs, hollow within, and each having a small opening at the bed 
by which water may paM in and out, may be made lo mancBuvre ia a veMel of 
water. Pl.ice them in a ve««el in the same manner with the balloon, but by al- 
lowing different quantities of water to enter the apertures in the images, caoM 
them to differ a little frnm one another in speciflc gravity. Then, when a pres* 
sore is exerted on (he cover, the heavieiit will descend flrst, and the others (o\- 
low in the order of their speciAc gravity ; and they will slop or return to the 
surface in reverste order, when the pressure ceasf«. A penon exhibiting these 
figures to spectators, who do not understand them, while appearing caivlessly 
to rest hiM hand on the cover of the veMel, seems to have the power of ordering 
their movements by his will, if the vessel, containing the flgores, be iiiTerted, 
and the cover be placed over a hole in the table, through which, unobserved, 
pressure can be made by a rod rising through the hole, and obeying the foot of 
theexhibiter, ihe most nurprising evolutions may be produced among the figures, 
in perfect obedience lo the word of command. 

Thirdly? Fourthly? Finhly ? Sixthly? Seventhly? What ecperiment is 
mentioned in the note ? 393. How may air become a mechanical agent ? 384. 
To what is the pressure of (he air, on every sqnnre inch, equal ? What weight 
of air does a common siz^ man sustain? Why does not this weight iiitev 
him ' What would be the eflbct if this external pressure were reinoved t 
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395. A vacuum is a space from which the air and 
every other substance has been removed. 

396. The resistance which light bodies meet from the 
air, causes them to fall slowly, while heavy bodies, more 
readily overcoming this resistance, fall rapidly. This 
is proved by number 37 1 , page 7 1 . 

397. When the external pressure is removed from 
any portion of confined air, it will immediately expand, 
and to this expansion there are no known limits. [_See 
JVb. 361, page 68.] 

398. A column of air reaching to the top of the at- 
mosphere, the base of which is a square inch, weighs 
fifteen pounds, when the air is heaviest. {SeeJ^To. 394.) 
Therefore, as all fluids press equally, in all directions, 
every inch of our bodies sustains a weight of fiAeen 
pounds. 

399. The exact pressure that any individual sustains may, there- 
fore, be ascertained by finding the number of square inches there 
are on the surface of his body , and multiplying it by fifleen. In like 
manner, the weight of the whole atmosphere* may be ascertained by 
finding' the number of square inches there are on the surface of the 
globe, and multiplying the same by fifteen. In this way it has been 
ascertained that the weight of the whole atmosphere is more than 
five thousand billions of tons. 

400. The air consists of particles possessing the in- 
herent properties of matter. It, therefore, has the prop- 
erty of impenetrability, {See J>ro^s, 26 and 27.) like aU 
other substances. 

401. Illustration, If a tube, closed at one end, or an inverted 
tumbler, be inserted at its open end, in a vessel of water, the water 
will not rise in the tube or tumbler, to a level with the water in the 
vessel, on account of the impenetrability of the air within the tube. 
But if the tube be open at both ends, the water will rise, because 

* The exact height, to which the atmanphere extends, has neirer been accu» 
rately ascertained *, but it ceases to reflect the sun*s rays at a greater heij^hl 
than forty-five miles. It has been computed thnt the weiarht of the whule at* 
mosphere is equal to that of a glolM oflead, sixty miles in diameter' 



S95. What is a vacuum f 396. Why do light tntdies fnll more slowly than 
heavy f How is this proved f S97. What will be the etTect if the external 
pressure be removed fVom any portion of confined air f Are there any known 
limits to this extension f 398. What is the weight of a column of air, the bnne 
of which is a sauare inch, reaching to the top of the atmosphere, when the air 
Is heaviest f What weight does every inch or our bitdies sustain f How can 
the weight of the whole atmosphere he ascertained f Has the exact heiuht to 
which the auiiosphere extends been accurately ascertained f At what height 
does it cease to reflect the sun's rays. T<i what is the computed weiulit ut the 
atmosphere equal i 400. Of what does the air consist ! What fuilows Irum 
this f What iUustratiou of this is given ' 

7* 
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A perum, Iherefbre, may descend with Mfe. 
ty tn the bell to » rrest dpptb in the in uic 
thui rrcorrr valaobte arlicleii Uut have been 
lent. A c'jnslant lupplv of freih sir ie •enl nf i 
down, either b; mean; of barrels, 0( by a *# 

air iiuinp. In the Fig., B repieienu Ihe bell 
with the diver in it. C ia a bent nielallia 
lube atlHChed (o one side and reaching Ihe 
air within; and P ia Ihe forcing pump 
through which air i* forced into the bell. 
The lorcing pump ii attached to the lube by f; 
a joint at O. 

When the bell deacends to a ([Teat depth, 

Ihe pressure of the water condenaea the air 

within the bell, and cauaea the water to aacend in the bell. Thif 
ia forced out by conalant aoeesaions of freah air, aupplied ■■ d»v* 
mentioned. Great care musl be taken that a conalanl aopply of 
freali air ia eenl down, otherwiae the livea of IhoBc withiD Ihe bell 
will be end.in^red. The heated and impure air ia allowed lo e» 
cape through a atop cock in the upper part of the belt. 

403. The Barometer, or weather glass,* is an iiistni- 
menl to measute ihe weight or pressure of thi 
phere, and foretell ihi * ' 

401. The Thermometert 
the heat of the air. 

40o. The HygrometerJ is an instrument 
the degree of moisture ia the air. 

• Tha won] Baromaler alfniSai lb naawra i/iHifU. 
I Tba won! TkarraDBMUe lartant dl* ■uanira t/luat. 
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406 Fig % represents a barometpr. It cnnsistK of 
a \onv giiisa tube, aboni tliirly-lhree inches in length, ^^ •* 
cloaed at the upper end and nlled with nit^rcury. The 
tube IB then inverted in a cup, or leather b^ig, of mer- 
eorj, on which the pressure of the atinr>spht>re is ex- 
erteid. As the tube is closed at the top, it it evident 
that tlie mercury cannot descend in the tul)c without 
pmducins a vacuum * The pressure of the atmos- 
phere (wuich is capable of supporting a column of 
mercury of abnut 2d or 30 inches in height) prevents 
the descent of the mercury ; and the instrument, thus 
constructed, becomes an implement for ascertaining 
the weight of the atmosphere. As the air varies in 
weight or pressure, it must, of course, influence tlie 
mercury in the tube, which will rise or fall in exact 
proportion with the pressure. When the air is thin 
and light, the pressure is less, and the mercury will 
deacend ; and when the air is dense and heavy, the 
mercury will rise. At the side of the tube there is a scale, marked 
inche* and tenths of an inch, to note the rise and fall of the mer- 
enry.t 

407. The pressure of the atmosphere on the mercury, 
ID the bag or cup of a barometer, being exerted on the 
principle of the equilibrium of fluids, {See ^o. 283,) it 
must vary according to the situation in which the barom- 
eter is placed. For this reason it will be the greatest 
in valleys and low situations, and least on the top of 
high mountains. Hence the barometer is often used to 

* The Tacoum produced by Inyerting a tube of mercury thnu cloned at the 
top, is called the TorricelHan Taciium, firniii Torricelli, an Italian philosopher, 
who flntt iliscovered this inran« of producing it. This method produces the 
■osl perfect Tscuum that cnn be Ibrmed. 

t Any other fluid may be used as well as mercury^ provided the length of the 
lobe be etiend^ in proportion to the specific gravity of the fluid. Thus, a tube 
flUed with water must be 33 feet long, because the atmosphere will support a 
column of water orf'that height. Mercury is used, therefore, in the construction 
of the barometer, because it does not require so long a tube as any other fluid. 
It mav here be remarked, that the air is the heaviest, and that, consequently, the 
nercary will rise highest, in dry weather. In wet weather the dampness ren- 
ient the air less 8«Jiibrioos,and it appears, therefore, more heavy then, although 
U is, ill fact, much lighter. 



What Figure represents a barometer.' Explain its construction. What fa 
said, in the note, with regard to the vacuum produced by inverting a tul>e 
of mercury thus closed at the top i What heiglit of mercury is the pressurs 
of the atmosphere capable of sustaining t What eflbct has the pressure of 
the atmcsphere on the mercury in the tube .' In what proportion does the mer> 
cury rise and fall f In what way can barometers be made of other flu^dii ^ 
Why is mercury used in prefbrence to any other fluid f Is the air lieaviest in 
wet or dry weather? 407. On what principle is the pressure of the atmosphere 
on the mercury, in the cup of a barometer, exerted f What follows fVom this ' 
For what other purpose, besiile measuring the pressure of the atmosphere and 
Ibretelliiig the variations of the wenther, is the barometer used ' Is the air the 
more dcsue, at the surface of the earth or upon a hill f 
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410. The pressure of the atmosphere on (he surface 
of a well, or any other portion of water, is the means by 
which water is raised by the common pump. By the 
act of pumping, the pressure of the atmosphere is re- 
moved from the water within the body of the pump, and 
tho water, consequently, will rise. 

411. Fi|r. 84 repFPsenta the common pump, called 
fhe tucking pump. The body consista of a large tube, 
or ppe, the lower end of which is to be immersed in 
the wmter whicb it is designed to raine. P is the pis- 
loB, V a Talve in the piston, which, opening upwards, 
•daiita the water to rise through it, but preTents lU re- 
turn, y is a similar valve in the body of the pump, hdow 
the piston. When tne pump is not' in action Uie valves 
lie dooed b>- their own weight ; but when the piston is 
luied it draws up the column of water whicli rested 
DpoD it, producing a vacuum between the piuton and 
the lower valve Y. The water below, itinnedintely 
mshes through the lower valve, and fills the vacuum. 
When the piston descends a second time, the wiiUt m 
the body of tlje pump passes through the valve V, and 
OB the ascent of the piston is liHed up by the piston, 
and a vacoom is again formed below, which is iiiiim>- 
diately filled by tiw water rushing through the |nw(>r 
valve T. In tliis manner the body of the pump is t'.Wvd 
with water, until it reaches the spout S, where it luns 
out in an interrupted stream* 

faiftide. The mouth of the glass was twenty sqv.are hichen. 

There are 1296 square inches in a square yard, anU 4»40 Mitittre 

yardii in an acre. Wlien the glaus had stoo*! n quitrtt'r of an 

hour, he wi|*ed it with a piece of muHlin, the weijthi of which 

had been previouRly ascertained. When the glMm had bern wiped dry, he 

sfain weighed the muslin, and found that its weight had been increased six 

grains, by the water collected from twenty square Inchea of earth; a quantity 

equal to 1600 callous, fVom an acre, ia twelve lioura. Another experiment, 

tAer rain hwi fallen, gave a much iarjier quHniity. [Ser Tf umber 48 ] 

When the atmonphere is colder than the earth, the vapor, which ariHcs fl*om 
fhegroond, or a l>ody of water, is condensed and lirconieH viHihle. This is the 
way that k>8 ia produced. When the earth is colder than the atmosphere, the 
■loisture In the aimospho^ condenses in the form of dew, on the ground, or 
other an rfiues. 

Clouds are nothing more than vapor, condensed by tho cold of the upper re- 
gioaa oT the atmosphere. 

Rain in produced by the sudden cooling of large quantities of watery vapor. 

Bnnw and bail are produced in a similar mauuer, and diiTer firom rain, only 
by tlifl d^pree of cold which produces them. 

* The handle of a common pump is a lever of the flrsl kind, the shorter arm 
of which is r^imected with the piston. When the handle is pressed down, tha 
piston ascendit. The valves, and the parts which con lain them, are, in common 
Imngvac^ called **• boxet.^ 

How la Tog prodnced i What are clouds ? How is rain protliiced * How are 
snow and hsil produced f 410. By what means is water raised in the common 
pump .' How ifc the pressure removed f What Fig. refiresents the common 
pomp ? Explain it. Which of the mechanical powers is the handle of vos 
pump f 
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Fig. 85. 



412. Water can be raised by the pressure of the atmos; 
only about 32 feet ; because the weight or pressure of the at 
phere is equal to the weight of a column of water of that h( 
only. But the common pump is so constructed, that after the 
sure of the atmosphere has forced the water through the vab 
the body of the pump, and the descent of the piston has fore 
Ihrouorh the valve in the piston, it is lifted up, when the pist 
raised. For this reason the pump is sometimes called the li 
pump. The distance of the lower valve from the surface o: 
water must never exceed 32 feet ; and in practice it niu: 
much less. 

413. The forcing pump difTers from the com 

pump in having a forcing power added to raise the vi 

to any desired height. 

Fiff. 85 represents the forcing pump. 
The body and lower valve V are similar 
to tliose in the common pump. The . 
piston P has no valve, but is solid ; ^| 
when, therefore, the vacuum is pro- 
duced above the lower valve, the water 
on the descent of the piston is forced 
through the tube into the reservoir or 
air vessel R, where it compresses the 
air above it. The air, by its elasticity, 
forces the water out through the jet J 
in a continued stream and with great 
force. It is on this principle that fire 
engines are constructed. 

414. Sometimes a pipe with a valve 
in it is substituted for the air vessel ; the 
wator is then thrown out in a continued 
stream, but not with so much foice. 

415. Wind is air put in motion. ♦ 

416. Explanation. When any portion of the atmosphere is he 
It becomes raiefied, its specific gravity is diminished, and it o 
quently rises. The adjacent portions immediately rush inl 
place to restore the equilibrium. This motion produces a cu 
which rushes into the rarefied spot from all directions. T): 
what we call wind. The portions north of the rarefied spot, 
duce a north wind ; those to the south produce a south « 
while those to the east and west, in like manner, form cur 

* There are two ways in which the motion of the air may arise. It ni 
considered as au absolute motion of the air, rarefled by heat and condenv 
cold, — or it may be only an apparent motion, caused by the superior ve 
of the earth in its daily revolution. 

412. How high can water be rained by the common pump f Why f 
is the co:ninoii pump tiometimes called the lilline pump .' 413. How do4 
forcing pump difTer rrom the coinmou pump f What Fig. re{»rei«ent8 the 
ing pump. Explain it. 415. Whut is wind.' In what two ways ma 
motion of the air be explained i Explain the manner in which tlie air is j 
motion How are the north, south, east, and west winds produced f 
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moving in opposite directions. At the rarefied spot, agitated as it 
is by winds from all directions, turbulent and boisterous weather, 
whirlwinds, hurricanes, rain, thunder and lightning prevail. This 
kind of weatlier occurs most frequently in the torrid zone, where 
the heat is greatest. The air being more rarefied there than in any 
other part of tlie globe, is lighter, and, consequently, ascends ; that 
about the polar regions is continually flowing from the poles to tlie 
equator, to restore the equilibrium ; while Uie air rising from the 
equator flows in an upper current towards the poles, so that the 
polar regions may not be exhausted * A regular east wind prevails 
about the equator, caused by the rarefaction of the air produced bj 
the sun in his daily course from east to west. This wind, combin- 
ing with that from tlie poles, causes a constant nortlieast wind, for 
about thirty degrees north of tlie equator, and a southeast wind at 
the same distance south of the equator. 

* From what has now been ssid, it appears, that there Is a circulation of air in 
the atmosphere *, the air in the lower strata flowinj; from the poles to the equa- 
tor; and in the upper strata flowing back from the equator to the pules. It 
may here be remarked, that the periodical winds are more regular at sea than 
on the land ; and the reason of this is that the land reflects into the atmosphere 
a much greater quantity of the suii*s rays than the water; therefore, that part 
of the atmosphere which is over the land is more heated and rarefied than that 
which is over the sea ; this occasions the wind to HCt in upon the land, as we 
find it regularly does on the coast of Guinea and other countries in the torrid 
sone. There are certain winds called trade-winds, the theory of which may be 
easily explained, on the principle tif rarefaction, aflbcled as it is by the rela ive 
position of the diiierent parts of the earth with the sun, at different seasons of 
the ye^r and at various parts of the day. A knowledge of the laws, by which 
these winds are controlled, is of importance to the mariner. When the pusi- 
tioR of the sun, with respect to the dilferent positions of the earth at the 
different seasons of the year is understood, it will be seen that they all de- 
pend upon the same principle. The reason that the wind generally sub- 
sides at the going down of the sun is, that the rarefhciion of (he air, in the 
particular spot which produces the wind, diniini.shes as the sun declines, and 
consequently the force of the wind abates. The great variety of wmds in the 
tem|»erate zones is thus explained. The air is an exceedingly elastic fluid, 
yielding to the slightest pressure; the agitations in it, therefore, caused by the 
regular winds, whose causes have been eX plained, mutt extend every way to a 
great distance ; and the air, therefore, in all climates will sufl*er more or less 
perturbation, according to the situation of the country, the position of moun- 
tains, valleys, and a variety of other causes. Hence every climate must be 
IfaU>Ie to variable winds. The quality of winds is aflecied by the countries over 
whtch they pass; and they are sometimes rendered pestilential by the heat of 
faerts, or the putrid exhalations of marshes and lakes. Thus, from the deserts 
sf Africa, Arabia, and the neighboring countries, a hot wind blows, called Samielj 
or Simoom, which sometimes produces instant death. A similar wind blows 
flwn the desert of Sahara, upon the western coast of Africa, called the Harmat- 
ten, prodacing a dryness and heat whiclt is almost insupportable, scorching like 
the blasts of a furnace. 



What kind of weather prevails at the rarefied spot f Where does this kind 
flf weather occur most frequently f What causes a regular east wind to prevail 
^>oat the equator ? Why are the periodical winds more regular at sea than on 
tfielaod i How would you account for the winds called trade- winds, monsoons, 
Ac. What is the reason that the wind generally subsides at the going down of 
the sun i How can the great variety of winds, in the temperate zones, be ex- 
plained > By what is the qunllty of winds affected f What is that wind called 
which blows from the deserts of Arabia and Africa f What is that called 
whidi blows from the desert of Sahara f 
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SECTION XII. 
Acoustics, 

417. Acoustics is the science which treats of tii» 
nature and laws of sound. It includes the theory of 
musical concord or harmony. 

418. Sound is caused by a tremulous or vibratoij 
motion of the air. 

419. Illustration. If a bell be rung under an exhausted receiveTi 
no sound can be heard from it ; but when the air is adnaitted It 
surround the bell, the vibrations immediately produce sound. 

420. Again, if the experiment be made hy inclosing the bell in A 
small receiver, full of air, and placing that under another receifM| 
from which the air can be withdrawn, though the bell, when strttcky 
must then produce sound, as usual, yet it will not be heard if tilt 
outer receiver be well exhausted, and care be taken to prevent tlM 
vibrations from being communicated through any solid part of tht 
apparatus ; because there is no medium through which the vibim> 
tions of the bell, in the smaller receiver, can ^ communicated to 
the ear. 

421. Sounds are louder when the air surrounding the 
sonorous body is dense, than when it is in a rarefied 
state. 

429. For this reason the sound of a bell is louder in cold than ia 
warm weather ; and sound of any kind is transmitted to a greater 
distance in cold, clear weather, than in a warm sultry day. On the 
tops of mountains, &c., where the air is rare, the human voiee sift 
be heard only at the distance of a few rods ; and the firing of a !■■ 
produces a sound scarcely louder than the cracking, of a whip. 

423. Sonorous bodies are those which produce ctetfi 
distinct, regular, and durable sounds, such as a bell, • 
drum, wind instruments, musical strings, and glastei^ 
These vibrations can be communicated to a distapel 
not only through the air, but also through liquids wai 
solid bodies. 



417. What is that science called which treats of the nature and laws* 
What does it include f 418. What causes sound f What iilustratkHW aiVfliM 
to prove this f 421. In what proportion ure sounds loud or Uini f Wkjdm^' 
a bfcU sound louder in cold than in warm weather f Why is sound Msitr' 
the lop of a mountain, than nearer tiie surface of the earth i 42A, Whal tf ^ 
sonorous bodies i 
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^4. Bodies owe their sonorous property to their 
elasticity.* 

425. The sound produced by a musical string is 
caused by its vibrations ; and the height or depth of 
the tone depends upon the rapidity of these vibrations. 
Long strings vibrate with less rapidity than short ones, 
wnd for this reason the low tones in a musical instru- 
ment proceed from the long strings, and the high tones 
from the short ones. 

426. Illustration, Fig. 86, A B represent* a musical string. If 
hbe drawn ap 

to G, iU elastic- ^«f- 86. 

tv wUl not only /- ^ 

csrry it back ..-""^"T ^ 

Mfpdn, but wui ^,<: -^ ^j;;-^^ 

five it a mo- ^^C^^S'^'-' ^ ^X"" 

mentom which ^ ' ^ ^""^ ** 

will oarrj it 
to H, from 
whence it will 
■sooessively re- 
bun to T, F, C, D, Ac., until the resistance of the air entirely de- 
itrove its motion. 

llie vibrations of a sonorous body give a tremulous motion to 
the air around it, similar to the motion communicated to smooth 
water when a stone is thrown into it. 

4S7. The science of harmony is founded on the rela- 
tion which the vibrations of sonorous bodies have to 
each other. 

428. Thus when the vibrations of one strin? are double those of 
■Bother, the chord of an octave is produced. If the vibrations of two 
Mrinffs be as two to three, the chord of a fiflh is produced, t When 
the vibrations of two strings frequently coincide, they produce a 
moflical chord ; and when the coincidence of the vibrations is sel- 
dom, a discord is produced. 

* Alttaou^ it Is imdoabtedly the esse that all sonorous bodies are elastic. It 
liBoC to be inferred that all elastic bodies are sonorous. 

t When music is made by the use of strings the air is struck by the body, and 
Aesoand la can«Bd by the ▼ibrationa; when it is made by pipes, the body ia 
straek by the air *, but as actiou and reaction are equal, the effect is the same 
In both cases. 

424. To what do sonorous bodies owe their sonorous properly f Are all 
Stastic bodies sonorous f 425. What causes the sound produced by a musical 
string f Upon what does the height and depth of the tone depend ? Which 
SUlDgB, in a mustCHl instrument, produce the low tones f Why f Explain Fig. 
M; ^. Upon what is the science of harmony founded .' How is the cord of 
SB octave produced ? How is the chord of a fifth produced f Huw is a musical 
flkord produced t A discord i 

8 
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429. The quality of the sound produced by Btrings 
depends upon their length, their thickness or weight, and 
their degree of tension. The quality of the sound pro- 
duced by wind instruments depends upon their size, 
their length, and hollow diameters. 

430. Long and large strings, when loose, prodace the lowest toaet; 
but differeni tones may be produced from the same string. acc<Mrd- 
ing to the degree of tension, or the tightness with which it if 
drawn. Large wind instruments, also, produce the lowest tonef; 
and different tones may be produced from the same inirtruroent, te« 
eording to the distance of the aperture for the escape of the wind, 
irom the aperture where it enters; or, which is the same thing, the 
length of that portion of the instrument which is struck by the air. 
{See J^ote to JVb. 42a.) 

431. The quality of the sound of all musical instru- 
ments is affected, in some degree, by the changes in 
the temperature and specific gravity of the atmosphere, 
or the air in the room. 

433. As heat expands and cold contracts the materials of which 
the instrument is made, it follows, that the strings will have a greater 
degree of tension, and that pipes and other wind instruments will be 
contracted, or shortened, in cold weather. For this reason, meet 
musical instruments are higher in tone, (or sharper,) in winter, or 
cold weather, and lower in tone, (or more flat,) in summer, or in 
warm weather. 

433. Sound is communicated more rapidly and with 
greater power through solid bodies, than through the 
air, or fluids. It is conducted by water about four 
times quicker than by air, and by solids about twice as 
rapidly as by water. 

434. If a person lay his head on a long piece of timber, he can 
llear the scratch of a pin at the other eno, while it could Dot be 
iieard through the air. 

435. By placing the ear against a long, dry, brick wall, and 
causing a person to strike it once with a hammer, the sound will be 
heard twice, because the wall will convey it with greater rapidity 
than the air, though each will bring it to the ear. 

429. Upon what does the quality of the soond produced by strinfa dwsnd? 
Upon what does that produced bv wind instruments depeiMl f 490. what 
strings produce the lowest tones? How may different tones be prodoesd 
from the same string ? How may different tones be produced from the same 
wind instrument? 431. What, in some degree, aflbcts the quality of the soaad 
of all musical instruments f 432. What eflbct has heat and cold <» the mate- 
rials oT which the instrument is made ? What follows from this ' Why art 
most musical instruments higher in tone, or sharp«;r, in cold weather f 488. 
Through which is sound communicated more rapidly, and with greater power, 
through solid bodies, or the air? How fast is it conducted by water > How 
frst by solids ? 434, 435. What examples are given to show that soond Is eoa^ 
Bimlcated more rapidly through solid bodies than the air or fliiMs i 
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436. The Stethescope is an instrument depending on the power 
of solid bodies to convey sound. It consists of a wooden cylinder, 
<me end of w'hich is applied firmly to the breast, while the other end 
Is brought to the ear. By this means the action of the lungs, and 
other internal parts of the human body, maj be distinctly heard. 
The instrument, therefore, becomes useful in the hands of a skilful 
l^iysician, to ascertain the state of the internal organs. 

437. Sound, passing through the air, moves at the 
rate of 1 142 feet in a second of time. This is the case 
with ail kinds of sound. 

438. The sofVest whisper flies as fast as the loudest thunder^ and 
the force or direction of the wind makes but slight difference m its 
velocity. 

This uniform velocity of sound enables us to determine the dis- 
tance of an object from which it proceeds. If, for instance, the 
light of a gun, nred at sea, be seen a half of a minute before the re- 

Eort is heard, the vessel must be at the distance of six miles and a 
alf. In the same manner, the distance of a thunder cloud may be 
ascertained, by counting the seconds between the appearance of the 
lightning and the noise of the thunder, and multiplying them by 
1 J 42 feet. 

439. An echo is produced by the vibrations of the air 
meeting a hard and regular surface, such as a wall, a 
rock, mountain, &,c., and being reflected back to the 
ear, thus producing the same sound a second and some- 
times a third and fourth time.'''' 

440. Speaking trumpets are constructed on the prin- 
ciple of the reflection of sound. 

441. The voice, instead of being diffused in the open air, is eon-. 

* From this it is evident that no echo can be heard at sea, or on an extensive 
plain ; because there is no object there to reflect the sound. An echo is heard 
only when a person stands in such a situation as to hear both the original and 
the reflected sound. The pupil will doubtless recollect what has been said ia 
ittechanics with respect to tho angles of incidence and reflection. [See numbera 
147 and 148.] Sound (an well as light, as will be explained under the head of 
optics) is communicated and reflected by the same law, namely, that the angles 
of incidence and reflection are always equal. It ia not dilficult, therefore, to 
ascertain the direction in which sound will proceed, whether it be direct or re- 
jected. It is related of Dionysius, the tyrant of Sicily, that he had a dungeon, 
(called the ear of Dionysius,) in which the roof was so constructed as to collect 
tife words, and even the whispers, of the prisoners confined therein, and direct 
them along a hidden conductor to the place where be sat to listen : and thus he 
became acquainted with the most secret expressions of his unhappy victims. 

436. What is a stethescope ? Of what does it consist f For what is it used f 
4ffJ, How fhst does sound move ? 438. Does the fbrce or direction of the wind 
make any difference in its velocity i What advantage results fl-om this unifbrm 
Telocity of sound i How can the distance of a thunder cloud be ascertained f 
489. How is an echo produced ? Note. Why cannot an echo be heard at sea, 
<v on an extensive plain f How must a person stand in order to hear an echo f 
By what law is sound communicated and reflected f What anecdote is related 
of Dionysius f 440. Upon what principle are speaking trumpets constructed > 
441. Explain the manner in which the vibrations of the air are reflected. 
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fined within the trumpet; and the vibrations which spread and ftll 
against the sides of the instrument are reflected according to the 
angle of incidence, and fall in the direction of the vibrations, which 
proceed straight forward. The whole of the vibrations are thu 
collected into a focus ; and if the ear be situated in or near that ipoCy 
the sound is prodigiously increased. 

442. Hearing trumpets, or the trumpets used bv deaf persons, are 
also constructed on the same principle ; but as the voice enters the 
large end of the trumpet, instead of the small one, it is not so much 
confined, nor so much increased. 

443. The musical instrument called the trumpet, acts, also, on the 
same principle with the speaking trumpet, so far as its form tends 
to increase the sound.* 

444. Sound, like light, afler it has been reflected 
from several places, may be collected into one point, as 
a focus, where it will be more audible than "in any other 
part ; and on this principle whispering galleries may be 
constructed. 

445. The famous whispering gallery in the dome of St. Paul's 
church, in London, is constructed on this principle. Persons at 
very remote parts of the building can carry on a conversation in a 
soft whisper, which will be distinctly audible to one another, while 
others in the building cannot hear it; and the ticking of a watch 
may be heard from side to side. 

446. Sounds can be conveyed to a much greater 
distance through continuous tubes than through the 
open air. 

447. The tubes used to convey sounds are called acoustic tabee. 
They are much used in public houses, stores, counting rooms, Ac* 
to convey communications from one room to another. 

448. The quality of sound is affected by the furniture 
of a room, particularly the softer kinds, such as curtains, 
carpets, &c., because, having little elasticity, they pre- 
sent surfaces unfavorable to vibrations. 

449. For this reason, music always sounds better in rooms with 

* The tmooth and poliahed sorfkce of the Interior parts of certain kinds of 
shells, particularly ifthey be spiral or nndulatinir, fit them to c( ?Jie)ct and reflect 
the various sounds which are talting place in the vicinity. Hence the Cypriss^ 
Ihe Nautilus, and some other shells, when held near or in the ear, give a con- 
tinued sound, which resembles ttie roar of the distant ocean. 

442. Upon what principle are hearing trumpets coiutructed f 443. How tkr 
does the musical instrument, called the trumpiet, act upon the principle of Um 
spealting trumpet f Note. How can the continued sound, given by some shells, 
when held near the ear, be explained f 444. Upon what principle may whis- 
pering galleries be constructed f 446. In what way can sounds be conveyed to 
a much greater distance than through the air f 447. What are the tubes, 
to convey sounds, called f 443. Why do Uie soAer kinds ofniniiture la a i 
affect the quality of the sonnd f 
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Itve walb, withoat carpets, and withoat cnrtaiiM. For the fame 
letKHi, a crowded audience increases the difficulty of speaking. 

As a seneral rule, it may be stated, that plane and smootli sur- 
fiices reflect sound without dispersing it, convex surfaces disperse 
it, and concave surfaces collect it. 

450. The air is a better conductor of sound when it is 
humid than when it is dry. 

451. A bell can be more distinctly heard just before a rain; and 
sound is heard better in the ni^ht than in the day, because the air is 
geoerally more damp in the night. 

452. The distance to which sound may be heard depends upon 
vuioaa circumstances, on which no definite calculations can be 
pedicated. Volcanoes, among the Andes, in South America, have 
Iwen heard at the distance of three hundred miles ; naval engage- 
ments have been heard two hundred ; and even the watchword 
*^AW9 t0sU," pronounced by the unassisted human voice, has been 
heard from Old to New Gibraltar, a distance of twelve miles. 

453. The sound of the human voice is produced by 
the vibration of two delicate membranes, situated at the 
top of the windpipe, and between which the air from the 
lungs passes. The tones are varied from grave to 
acute, by opening or contracting the passage ; and they 
are regulated by the muscles belonging to the throat, 
by the tongue and by the cheeks. 

454. The management of the voice depends much upon cultiva- 
tion; and although many persons can both speak and sing with 
esse, and with great power, without much attention to its culture, 
yet it is fbund mat those who cultivate their voices by use, acquire 
a degree of flexibility and ease in its management, which, in a greai 
measure, supplies the deficiency of nature.* 

455. Yentriloquismt is the art of speaking in such a 
manner as to cause the voice to appear to proceed from 
a distance. 

* Tba reader is referred to Dr. Kashas very valuable work on the '* Philoao* 
jAnf of the Hsroan Voice,*^ for plain and practical infftruciions on this subject. 
Ur. Barber's ** Grammar of Elocution," and Parker's " Progressive Exercises ia 
Bhetorical Reading'' likewise contain the same instnictions, in % practical 
fimn. TlO the work of Dr. Rush, both of the latter mentioned worlu are larfely 
indebted. 

t The word Tentriloqnism llterslly means, ^ Bpeakinff from, the Mhy^^ and It 
ii so dfldned in Chambers* Dictionary of Arts and Sciences. The ventriloquist, 
Vy a atagalar manasement of the voice, seems to Iiave it in his power ** to tnrox§ 
kit Miles** in any direction, so that the sound shall appear to proceed from that 
The words are pronioiineed by the organs usually employed for that par* 



What general rule is given with regard to the reflection of sound.' A80. Is 
file air a better conductor when it is humid, or when it is dry f 451. Why caa 
a sound be heard better hi the night than in the day ? 453. How is the sound 
of the homan Toice produced.' How are the tones varied and regulated r 
464. Upon what doss the management of the voice depend f 465. What Is 
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456. The art of ventriloquism was not unknown to the ancients ; 
and it is supposed by some authors that the famous responses of the 
oracles, at Delphi, at Ephesus, &c., were delivered by persons who 
possessed this faculty. There is no doubt that many apparently 
wonderful pieces of deception, which, in the days oi superstitioa 
and ignorance, were considered as little short of miracles, were per- 
fbrmed by means of ventriloquism. Thus houses have been made 
to appear haunted, voices have been heard from tombs, and the 
dead have been made to appear to speak, to the great dismay of the 
neighborhood, by means of this wonderful art 

457. Ventriloquism is, without doubt, in great measure the gift 
of nature ; but many persons can, with a little practice, utter 
sounds and pronounce words without opening the lips or movinff 
the muscles of the face ; and this appears to be the great secret of 
the art. 



SECTION XIII. 
PyronomicSy or the Laws cf Heai, 

458. Pyronomics is the science which treats of the 
laws, the properties, and operations of heat. 

459. The nature of heat is unknown ; but it has been proved 
that the addition of heat to any substance produces no perceptible 
alteration in the weight of that substance. Hence it is inferred 
that heat has no weight. 

pose, but in such a manner aa to give little or no motion to the lips, the organs 
diielly concerned being thooe of tiie throat and tongue. The variety ofaounds 
whiclh the human voice is capable of thus producing is altogether beyond cum- 
non belief, and, indeed, is truly surprising. Adepts in this art will mimic the 
voices of all ages and conditions of human life, from the smallest infknt to the 
tremulous voice of tottering age ; and fVom the intoxicated foreign beggar to the 
high bred, artificial tones of the ihshionable lady. Some will also imitate the 
warbling of the nightingale, the load tones of the whip>poor-w{ll, ami the 
■cream of the peacock, with equal truth and facility. Nor are these arts con- 
1 ned to professed imitators ; for in many vlllnges boys may be found, who are 
In the habit of imitating the brawling and spitting of cats, in such a manner as 
to deceive almost every hearer. 

The human voice is also capable of imitating almost every inanimate aooDd. 
Thus the turning and occasional crealcing of a grindstone, with the rush of the 
water, the sawing of wood, the trundling and creaking of a wheel-barrow, the 
drawing of bottle corks, and the gurgling of the flowing liquor, the souuil of air 
mshing through a crevice on a wintry night, and a great variety of other noises 
of the same kind, are imitated by the voice so exactly, as to deceive any hearsr 
who does not know whence they proceed. 

456. Was this art known to the ancients ? What is supposed, by aome stt 
thora, concerning the responses at Delphi, Ephesua, Ac, f 457. u vantrilPi 
qniam a natural gift, or an acquired one ? 458. Of what does pyroeomlcs irsal t 
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460. Heat passes tbroagh some bodies with more difficulty than 
thxoagh others ; but there is no body nor any kind of matter which 
can completely arrest its progress. 

461. Heat is generally known by the name of Caloric. 
There are two kinds of heat ; or, rather, heat exists in 
two states, called tree and latent. Free heat, or free 
caloric, is that which is perceptible to the senses, as the 
heat of a fire, the heat of the sun, &c. Latent heat is 
that which exists in most kinds of substances, but is not 
perceptible to the senses, until it is brought out by me- 
chanical or chemical action. 

462. Thus, when a piece of cold iron is hammered upon an anril 
it becomes intensely heated ; and when a small portion of sul* 
phnric acid, or vitriol, is poured into a phial of cold water, the 
phial and the liquid immediately become hot. 

463. A further illustration of the existence of latent or concealed 
heat is given at the fireside every day. A portion of cold fuel is 
placed upon the grate or hearth*, and a spark is applied to kindle the 
fire which warms as. It is evident that the heat given out by the 
fuel, when ignited, does not all proceed from the spark, nor can we 
perceive it in the fuel ; it must, therefore, have existed somewhere 
m a latent state. It is, however, the effects of free heat, or free ca- 
loric, which are embraced in the science of pjronomics. The subject 
of latent heat belongs more properly to the science of chemistry. 

464. The terms heat and cold, as they are generally 

used, are merely relative terms ; for a substance which 

in one person would excite the sensation of heat, might, 

at the same time, seem cold to another. 

466. Thus, also, to the same individual, the same thing may be 
made to appear, relatively, both warm and cold. If, for instance, a 
person were to hold one hand near to a warm fire, and the other on 
a cold stone, or marble slab, and then plunge both into a basin of 
lukewarm water, the liquid would appear cold to the warm hand 
and warm to the cold one. 

466. The principal efifects of heat, on bodies to which 
it is applied, are three ; namely. Firsts heat dilates or 
increases the extension of all bodies, whether solid, li- 
quid, or in the form of air, or gas. 

Thus, metals, wood, and other substances, are expanded by the 
application of heat. 

What la alated in No. 459 with re^rd to heat f 460. Can the profresa of 
heal be arreated i 461. What ia caloric ! In what two states does heat exist f 
What ia f^ee heat f Give some examples of free heat. What is latent heat f 
Give some examples of latent heat f 464. How are the terms, heat and cold 
generally used f What illustration of this is given } 466. What are the three 
principal effiscu of heat on bodies to which it la appliea ? Give an example of 
affect f 
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Secondly, heat when applied in sufficient quantity to 

many kinds of substances, transforms them from a solid 

to a fluid state. 

Thus, metals, fflass, and many other substances can be melted by 
the application of a sufficient degree of heat. 

Thirdly, heat, when applied in its greatest degree, 

destroys the texture of many kinds of substances by 

combustion. 

Thus, wood, coal, and other substances are burnt up by the ap- 
plication of heat. 

467. The sources from which heat is derived are. 
First, from the sun, in connexion with light. Secondly, 
from mechanical operations, such as friction, percus- 
sion, compression, &c. Thirdly, from a variety of 
chemical operations, especially combustion ; and Fourth' 
ly, from living animals and vegetables. 

468. Heat tends to diffuse itself equally through all 
sabstanees. 

If a heated body be placed near a cold one, the temperature of the 
former will be lowered, while that of the latter will be raised. 

469. All substances contain a certain quantity of heat ; but, by its 
tendency to diffuse itself equally, and the difierence in the power of 
difierent substances, to conduct it, bodies of the same absolute tem- 
perature appear to possess different degrees of heat. 

470. Thus, if the hand be successively applied to a woollen gar- 
ment, a mahogany table, and a marble slab, all of which have stood 
for some time in tlie same room, the woollen garment will appear 
the warmest, and the marble slab the coldest of the three articles ; 
but If a thermometer be applied to each, no difierence in the tempe- 
rature will be observed. 

471. From this it appears, that some substances conduct beat 
readily, and others with great difficulty. The reason that the mar- 
ble slab seems the coldest, is, that marble, being a grood conductor 
of beat, receives the heat from the hand so readily mat the loos is 
instantly felt by the hand ; while the woollen garment, beine a bad 
conductor of heat, receives the heat from the hand so slowly that 
the loss is imperceptible. 

472. The different power of receiving and conducting 
heat, possessed by diflerent substances, is the cause of 
the difference in the warmth of various substances used 
for clothing. 



467. What are the sources fVom which heat Is derived .' 468. Tn what way 
does heat tend to diflbne itself f 469. Why do bodies of the same absolute tem- 
perature appear to possess different degrees of heat ? What illustration of tltfs 
Is giren .' What appears Ocmi this f 472. What causes the dUferenca In ttw 
warmth of substances used for clothinf ? 
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473. Thus, wodDen gumeoto sre wann gsnnents, beeaoae tber 
put slowly with the heat which they scqoiie from the body, uidy 
eooaeqiiently, they do not readily convey the wmrmlh of the body 
to the air ; while, on the ecmtimry, a linen gmrment is a coo] one, 
because it parts with its heat readily, and as readily receives fSresh 
heat from the body. It is, therefore, constantly receiving heat from 
the body and throwing it oat into the air, wnile the woollen gar- 
nent retains the heat which it receives, and thus encases the Iwdy 
with a warm covering. 

For a similar reason ice, in sommer, is wrapped in woollen 
eloths. It ifl then protected from the heat of the air, and will nd 
melt. 

474. Heat is received and conducted with the great- 
est readiness bj metals. « 

475. Tot this reason wooden spoons and forks are used in prefer* 
ence to silver ones, to take ice from a plate. The spoon is of the 
nme iemperatare with all other articles in the room ; and if it be 
of nlver, or any other metal, it readily communicates its heat to the 
iee and melts it, — bat wooden spoons do not so readily part with 
their heat, and will not, therefwe, melt tlie ice so readily. 

476. For the same reason, the handles of tea and coffee pots are 
generally made of wood ; parting with their heat less readily than 
metallic ones, they are less likely to be inconvenient to the hand, 
on account of their heat. 

477. All bodies, whether solid, liquid, or in the form 
of gas, when violently compressed or extended, become 
warm. 

478. Experiment. If a piece of India rubber be'quickly stretch 
ed and applied to the lip, a sen-sible degree of heat will be felt. An 
iron bar, by being hammered, becomes red-hot ; and even water, 
when strongly compressed, gives out heat. 

479. When air is foreibly compressed by driving down the pis- 
ton of a i^ringe, nearly closed at the end, great heat is produced. 
Syringes have been constructed on this principle for procuring fire, 
the heat, thus produced, being sufficient to kindle dry tinder. 

480. All substances, as they are affected by heat, 
may be divided into two classes, namely, combustible or 
inflammable bodies, and incombustible or non-inflamma- 
ble bodies. 

481. Vegetable substances, charcoal, oils, most animal substan- 

Why are woollen garmenta warm f Why are linen one* cold f Why ia tcs 
wrapped in woollen in summer ? 474. By what ia heat received and conducitd 
wiih the greatest readinesa ? Why are wooden apoona and forka aometimes 
naed in preference to ailver onea f 477. What efTect is produced on ail bodies 
when violently coropresaed or extended f What e.xperiineiiis are here related 
to Uloatrate thta f What ia aaidofthe air when atrongly compreaaed f 480. 
Into wluil claaaes are all aubatancea, as aflfected by heat, divided f 
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otHf as hair, wool, horn, fkt, and all metallie bodjec, axe eoodw- 
tible.* 
Stones, glass, salts, Ac. are incombustible. 

482. The pyrometerf is an instrament to show the tOr 
pansion of bodies on the application of heat. It connili 
of a metallic bar or wire, with an index connected widi 
one extremity. On the application of the flame of « 
lamp, or heat from any other source, to any part of tbe 
har, the bar expands and turns the index to show tht 
degree of expansion. 

483. The most obvious and direct eflect of heat on « 
4>ody, is to increase its extension in all directions. 

484. Coopers, wheelwrights, and other artificers, avail themsehrei 
of this property in fixing iron hoops on casks, and the tires or ironi 
on wheels. The hoop or tire having been heated, of coarse ex- 
pands, and being adapted in that state to the cask or the wheel, M 
the metal contracts in cooling, it clasps the parts rery firmly Uh 
gethcr.t 

485. Heat not only expands metals, wood, &c but 
also different kinds of stones, chalk, and especially 
glass. 

* The word combustible literally means, that which ean be burnt ap. Ths 
pupil is referred to No. 49, page 6, for some remarks with regard to the cob* 
sumption, or rather the alteration which talcea place in bodies durinf cob* 
bustion. 

t Wedffewood^s pyrometer, the instrument commonly used for high tempers- 
tures, measured heat by the contraction of clay. 

X From what has been stated above, it will be seen, that an allowance AobU 
be made for the alteration of the dimensions in metallic beams or supporteni 
cauned by the dilatation and contraction effected by the weather. In the Iras 
archett of Southwarli bridge, over the Thames, the variation OMf the temperatve 
of the air caused a diflTercnce of height, at diflTerent times, amounting to nearly 
an inch. A happy application of ihiti principle to the mechanic arts, was made, 
some yearH ajto, at Paris. The weight of the roof of a building. In the CoMer- 
▼atory of Arts and Trades, had pressed outwards the side walla of the structure^ 
and endangered itH security. The following method was adopted to restore the 
perpendicular direction of the structure. Several holes were made in the waUs, 
opposite to each other, through which iron bars were introduced, which, 
stretching across the building, extended beyond the outside of the walls. TkcM 
bars terminated in screws, at each end, to which large broad nuts wereatta^ 
ed. Each aliernate bar was then heated by means of powerftil lamps, and their 
lengths being thus increanefi, the nuts on the outside of the building were screw> 
ed up close to it, and tlie bars were siifTered to cool. The powerful contractlos 
of the bars drew the wails of the building closer together, and the same prooea 
being repeated, on ail the bars, the walls were gradually and steadily restoisd 
to their upright position. 



What substances are combustible .' What substances are Incombustibls ? 
482. What is a pyrometer f Of what does it consist ? How does Wedge- 
wood^s pyrometer measure high temperatures f 483. What is the most obvi- 
ous and direct effect of heat on a body f What application of this priDclpIs If 
related in the note f 485. What other substances, beside metals, wooi^ M; 
does heat expand ' 
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486. Thece ■abfUnces mnit, howerer, be fireed firom moisture, 
oCberwiae heat, by diMipftting the moiBtare, will occMion con- 
traction. 

The effect of heat and cold * in the expaniiion and contraction of 
gfaus, b an object of common observation ; for it is this expansion 
and ooDtraction which causes so many accidents with glass articles. 
Thus, when hot water is suddenly poured into a cold glass, of any 
ftnn, the glass, if it have any thickness, will crack ', and, on the 
eoDtruy, if cold water be poured into a heated glass vessel tJie same 
efl^t will be produced. The reason of which is this : heat makes 
its way but slowly through glass ; the inner surface, therefore, when 
the hot water is poured into it, becomes heated, and, of course, dis- 
tended before the outer surface, and the irregular eipansion causes 
the vessei to break. There is leas danger of fracture, therefore, 
when the glass is thin, because the heat readily penetrates it, and 
there 10 no irregular expansion.! 

487. The expansion caused by heat in solid and li- 
quid bodies differs in different substances ; but aeriform 
fluids all expand alike, and undergo uniform degrees of 
expansion at various temperatures. 

488. The expansion of solid bodies depends, in some decree, on 
the cohesion of their particles ; but as gases and vapors are destitute 
of cohesion, heat operates on them without any opposing power. 

489. The density of all substances is augmented hj 
cold, and diminished by heat. 

490. There is a remarkable exception to this remark, and that is 
in the case of water ; which, instead of contracting, expands at the 
heeang point, or when it is frozen. This is the reason why pitch- 
en, and other vessels, containing water and other similar fluids, are 
■0 oflen broken when the liqmd freezes in them. For the same 

* CoU Is merely the alMience of heat ; or rather, more properly speaUng^ tn- 
ferior degrees of heat are termed cold, 

t The glass chimneys, aaed for oil and gna bamers, are often broken by being 
Mddeoly placed, when cold, over a hot flame. The danger of flracture may be 
pnvented (It is said) by making a minute notch on the bottom of the tube, with 
adfum»d. This precaution has been used in an establishment where six lamps 
Ughled every day, and not a single glass has been broken in nine years. 



Why mnst the substances be flreed (torn moisture f What is said of the eflbct 
of ksat and cold on glass f When hot water is suddenly poured into a cold 
glssB, why will the glass crack f When cold water is applied to a htated glass, 
why will Ihe glass crack i 487. Is the expansion caused by heat in solid ana 
ttqirid bodies the same in all subatances f How do aSriform fluids differ, in this 
nspeet, from solid and liquid bodies i Upon what does the expansion of solid 
bodies, in some degree, depend f Why has heat more power over gases and 
vapors f 489. What efl*ect has heat and cold upon the density of all substan- 
ces f What exception is there to this remark i Why are the vessels, contaiik- 
iif water, wad other similar fluids, so often broken when the liquid freexes in 
them? 
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reason, ice floats* instead of sinking in water ; for as its denritj if 
diminished, its specific gravity is consequently diminished. 

491. Different bodies require different quantities of 
heat to raise them to the same temperature, and those 
which are heated with most difficulty retain their heat 
the longest. 

Thus oil becomes heated more speedily than water, and it like* 
wise cools more quickly. 

492. When heat is thrown upon a bright or polished 
surface it is reflected,! and the angle of reflection will 
be equal to the angle of incidence. [See note to ^o, 
439, page 87, and numbers 147 and 148.] 

493. When a certain degree of heat is applied to 
water it converts the water into steam or vapor. The 
temperature of steam is always the same with that of 
the liquid from which it is formed, while it remains in 
contact with that liquid. When closely confined its 
elastic power is sufficient to burst the vessel in which it 
is confined. 

494. The elasticity or elastic force of steam is in- 
creased and diminished by heat and cold. The amount 
of pressure, therefore, which it will exert depends on 
the temperature at which it is formed. 

* Were it not for this remarkable property of water, large panda and lakes, 
exposed to intense cold, would become solid masses of ice ; for if the ice, whea 
fbrmed on the surface, were more dense, (that is, more heavy) than the water 
below, it would sinlc to the bottom, and the water above, freezing in its tunii 
would also sink, until the whole body of the water would be frozen. The con 
sequence would be the total destruction of all creatures, Sec. in the water. Bot 
its lightness causes it to continue on the surface, protecting the water htHow 
fl'om congelation. 

t Advantage has been taken of this property of heat in the conatmction of a 
simple apparatus for baking. It is a bright tin case having a cover inclined to- 
wards the Are in such a manner as to reflect the heat dovrnwards. In this maa- 
ner use is made both of the direct heat of the fire, and the reflected heat, whidi 
would otherwise pass into the room. The whole apparatus, thus comiecled 
with the culinary department, is called, in New England, **The Coniiectieat 
baker." 



Why does ice float upon the water instead of sinking in it f What is atatad, 
in the note, with regard to this property of water f 491. Can all bodies be rais- 
ed to the same temperature by the same quantities of heat f What bodies re- 
tain their heat the longest f 492. What becomes of the heat which is thrown 
opon a bright or polisheil surface i How do the angles of incidence tmd reflc«- 
tion compare with each other? 493. When is water converted into steam or 
vapor i How does the temperature of the steam compare with that of the 
liquid fh>m which It is fbrmed, while it remains in contact with that liqaiid? 
494. By what is the elasticity of steam increased and diminished ? Upon wkat 
does the amount of pressure, which steam exerts, depend t 
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495. The |^at and peealiar property of steani, on which its me- 
ehanieal agencies depend, is its power of creatin]^, at one moment, 
t high degree of elastic force, and losing it instantaneoaslj by the 
lext moment. 

496. The steam engine is a machine moved by the 
expansive force of steam or vapor. 

497. The steam or vapor of water occnpies a space aboat 1700 
times larger than water. If, therefore, the steam which fills the 
chamber of a cylinder be suddenly converted into water, it ^vill 
ooeapv a mucn smaller space, and produce a vacuum in the 
fjlincier. 

498. The mode in which steam is made to act is by causing it to 
iiise a solid piston, accurately fitted to the bore of a cylinder, like 
that in the forcing pump. 

499. The piston rod rises by the impulse of expanding steam, ad- 
Bitted into the cylinder below. When the piston is thus raised, if 
the steam below it be suddenly condensed, or withdrawn from un- 
der it, a vacuum will be formed, and the pressure of the atmos- 
pheie on the piston above will drive it down. The admission of 
more steam below it will raise it again, and thus a continued motion 
of the piston, up and down, will l^ produced. This motion of the 
jMston is communicated to wheels, levers, and other machinery, in 
ioeh a manner as to produce the effect intended. 

This is the mode in which the engine of Newcomen and Savery, 
eommonly called the atmospheric en£rine, was constructed. 

500. Tjie celebrated Mr. James Watt introduced two important 
tmprofements into the steam en^ne. Observing that the cooling 
of the cylinder by the water thrown into it to condense the steam, 
lessened the expansibility of the steam ; he contrived a method to 
withdraw the steam from the principal cylinder, after it had per- 
fiMrmed its office, into a condensing chamber, where it is recon» 
verted into water, and conveyed back to the boiler. 

501. The other improvement consists in substituting the ezpan- 
aive power of steam for the atmospheric pressure. This was per- 
fbmied by admitting the steam into the cylinder above the raised 
piston, at the same moment that it is removed from below it ; and 
thos the power of steam is exerted in the descending as well as in 
the ascending stroke of the piston ; and a much greater impetus is 
giten to the machinery than by the former method. From the 
imtUe action of the steam above, as well as below the piston, and 
fiom the condensation of the steam, afler it had performed its 
office, this engine is called Watt's double acting condensing steam 
engine* 

o02. BlHStraUon. Fig. 87 represents that portion of the steam en- 
gine in which steam is made to act, and propel such machinery as 
may be connected with it. The principal parts are the boiler, the 

495. What is the great and peculiar property of steam, on which its mechan- 
lesl agencies depend .' 496. What is the steam engine? 497. How much larger 
spaoe does steam occupy than water ? 498. By whnt mode is steam made to 
set f 499. By what impulse does the piston rise ? What causes the piston to 
deacend f 600r What improvement did Mr. Watt introduce into the steam 
Mi^ f 502. What docs Fig. 87 repreaent f 

9 
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ojlinder ind ill pis- 
tun, the ooadeQKr, 
the air pninp, the 
steam pipe, the 
eduction pip«, and 
tbs nialcni. In Ihii 
figure, A repreKnu 



IrancAu* commuiii 




II the Fjlinder i 



maer.uieaiie sbove 

the pulon. This pipe hu two tkIvps, F and G, which sre □{ 
■nd closed alternalelj bj inachinerj connected willi the p 
The Btesm ia curied through this pipe hj the vaives, when 
to the cylinder both above and below the pivton. K is the edi 
ppe, haring two biancliea, lilie the ateam pipe, furnished 

»idTei, &c., which aie opened and shut by It "" 

Bj the eduction pipe the aleam is led off ftoni 
piston ascends and deacenda. 

L ia the condenser, and O a stop cock for the admiaaion al 
water. M is the air pump, M is the ciBlera of cold water in i 
the condenser ia immersed. R is the sofet; valTe. Wbei 
valvea arc alt open, the aleam iaaues freely from the boiler, an 
calatea through all the parU of the machine, eiKllinE' the 
Now, the valves F and Q,, being closed, and G and P remi 
open, the steam presses upon the piatOD and farces it down 
it descends, it draws with it the end of the working beam, wh 
ftttkohed to the piston rod J, (but which is not represented i 
figure.) To this working begm, (which is a lever of the first I 
bars or rods are attached, which, rising and falling with the 
■ad the piston, open the atop cock O, admitting a stream o 
water, which meets the ateam from the cjlindei and condeni 
leaving no force below the piatf}n to oppose its descent. A 
tnouient the rods attached to the working beam close the stop 
Q and F, and open F and Q. The steam then flows in belo' 
piston, and rushes fioin above it into Ibe condenser, bf ' 

• Ttas slum and Iha eduction nipn ire lamellmes mads la Ibnns di 
fram ihose In Uie flivre, and ihijr ifLmr mucU Iq dlBsnnt snilnn. 
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Beuu the piston is forced ap again wKh the aame power as that 
with which it descended. Thiu the ateam cocks G and P and F 
and Q are alternately opened and closed ; the steam passing from 
the boiler drives the piston alternately upwards and downwards, 
aad thus produces a regular and continued motion. This motion or 
the piston, being communicated to the working beam, is by that 
beam communicated to other machinery, and thus an engine of 
peat power is obtained. 

The air pump M, the rod of which is connected with the work- 
ing beam, carries the water from the condenser back into the boil- 
er, by a communication represented in Fig. 88. 

The safe^ valre R is made to open when the pressure of the 
ileam within the boiler is too great. The steam then rushing 
thioajgfa toe aperture under the valve, removes the danger of the 
hmstui^ of the boiler. 

503. The steam engine* is constructed in various 
fiurms ; the principal of which are the high and the low 
pressure engines ; or, as they are sometimes called, the 
■on-condensing and the condensing engines. 

504. The non-condensing or high pressure engines differ from 
the low pressure or condensing engines in having no condenser. 
The steam, after having moved the piston, is let off into the open 
lir. As this kind of engine occupies less space, and is much leas 
complicated, it is generally used on railroads. 

505. In the low pressure or condensing engines, the steam, after 
having moved the piston, is condensed, or converted into water, 
and then conducted back into the boiler. 

* Tlie steam engine, as it is constructed at the present day, is the result of the 
lavflDtioas and discoTeries of a number of distinguished individuals, at difRnrent 
periods. Among tho«e ^ho have contributed to its present state of perfectioa, 
lad its application to practical purposes, may be mentioned the names of Som- 
eraec, the Marquis of Worcester, Savery, Newcomen, Fulton, and especially 
Mr. Jasnea Watt. 

To the inventive genius of Watt, the engine is indebted fur the condenser ^ the 
^ffMndage* for varaUel motion^ the application of tiie g-overnor^ and for the 
double action, in the words of Mr. JefTVey, it mav be added, tiiat, '* By his ad« 
mis^le contrivances, and those of Mr. Fulton, it has become a tiling alilte stii- 
pendous for its fbrce and its flexibility ; for the prodigious power it can exert, 
and the ease, and precision, and ductility, with which it can l>e varied, distrib- 
uted, and applied. The trank of an elephant, that can picli up a pin, or rend 
an oak, is as nothing to it. It can engrave a seal, and crush masses of obdurate 
metal before it; draw out, without breaking, a tliread as fine as gossamer, and 
Bft op a ship of war like a bauble in the air. It can embroider muslin, and forge 
awAors*, cut sted into rilmnds, and impel loaded vessels against the ftiry of the 
wteds and waves.** 

T^e power of a steam engine is generally expressed by the power of a 
hone, which can raise 33,000 lbs. to the height of one foot in a minute. 

How is the regular and continued motion produced f To what is this mo- 
ti<m of the piston communicated i What is the use of the air pump M ? For 
what is the safety valve R used i 503. What are the principal forms in which 
the steam engine is constructed i 504. How do they differ Oom each other ^ 
What becomes of the steam alter having moved the piston in the non-condens- 
ing engines f What kind of engines is generally used on railroads f 505. 
^^wt becomes of the steam after having moved the piston in the condensing 
engiaesf 
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506. Fig. 88 represents Watt*s double acting, condensing steam 
engine, in which A represents the boiler, containing a large quantity 
of water, which is constantly replaced as fast as portions are con- 
yerted into steam. B is the steam pipe, conveying the steam ta 
the cylinder, having a steam cock b to admit or exclude the steam 
at pleasure. 

C is the cylinder, surrounded by the jacket c c, a space kept con- 
stantly supplied with hot steam,t in order to keep the cylinder from 
beingr cooled by the external air. D is the eduction pipe, commu- 
nicating between the cylinder and the condenser. £ is the con- 
denser, with a valve «, called the injection cock, admitting a jet <^ 
cold water, which meets the steam the instant that the steam enters 
the condenser. F is the air pump, which is a common tuctioa 
pump, but is here called the air pump because it removes from the 
condenser not only the water, but also the air, and the steam that 
escape condensation. G G is a cold water cistern, which sur- 
rounds the condenser, and supplies it with cold water, being filled 
by the cold water pump, which is represented by H. I is the hot well, 
containing water from the condenser. K is the hot water pump, 
which conveys back the water of condensation from the hoi well to 
the boiler. 

L L are levers, which open and shut the valves in the channel 
between the steam pipe, cylinder, eduction pipe, and condenser; 
which levers are raised or depressed by projections attached to the 
piston rod of the pump. M M is an apparatus for changing the 
circular motion of the working beam into parallel motion, so Uiat 
the piston rods are made to move in a straight line. N N is the 
working beam, which, being moved by the rising and falling of 
the piston, attached to one end, communicates motion to the fly 
wheel by means of the crank P, and from the fly wheel the mo- 
tion is communicated by bands, wheels, or levers, to the other 
parts of the machinery. O O is the governor. [See Fi^, 45. 
ffo. 274.] 

The governor, being connected with the fly wheel, is made to 
participate the common motion of the engine, and the balls will re- 
main at a constant distance from the perpendicular shaft, so long as 
the motion of the engine is uniform; but whenever the enj^ine 
moves faster than usual, the balls will recede farther from the shaft 
and, by raising a valve connected with the boiler, will letofl*8ueh a 
portion of the force as to reduce the speed to the rate required. 

The steam engine, thus constructed, is applied to boats to turn 
wheels having paddles attached to their circumference, which an- 
iwer the purpose of oars. It is used also in workshops, factories, 
«&c. ; and different directions and velocities may be given to the 
motion produced by the action of the steam on the piston, by eon- 
net*, ting the piston to the beam with wheels, axles and levers, at 
represented in numbers 237 to 250, page 41. 

f ^:eam must be dry before it is used. 



5-06. What does Fig. 88 rcpresenl ? What doe* A represent ? What does B 
ropreseni ? What does C represent ? What does D represent i What does 
B re,)resenl ? What does F represent .' What does G G represent i What 
dncs 1 repre«snl > What does K repreaent .' What does L L represent ? What 
ilous M M represent i What does N N represent I What does O O rnnrcsMl f 
What is said of the governor i 
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507. The locomotive engine is a high pressure steam 
engine, mounted on wheels, and used to draw loads on 
a railroad, or other level roads. It is usually accom- 
panied hy a large wagon, called a iender, in which the 
wood and water, used by the engine, are carried. 

Fig. 89 represents a side view of the internal construction of a 
locomotive steam engine j in which F represents the fire box, or 
place where the fire is kept; D the door throagh which the fuel is 
introduced ; G one of the bars of the crate at the bottom. The 
spaces marked B are the interior of the boiler, in which the water 
•lands at the height indicated by the dotted line. The boiler is 
closed on all sides ; all its openings being guarded by valves. Tha 
tubes marked e e conduct the smoke and name of the fuel througrh 
the boiler to the chimney C C, serving, at the same time, to com- 
municate the heat to the remotest part of the boiler. By this 
arrangement none of the beat is lost j as these tubes are all surround- 
ed by the water. S S 8 is the steam pipe, open at the top B 8, 
having a steam-tight cock, or regulator, V, which is opened and 
shut by the crank H, extending outside of the boiler, ana which im 
managed by the engineer.* 

The operation of the machine is as follows : the steam being gen- 
erated in great abundance in the boiler, and being unable to escape 
out of it, acquires a considerable degree of elastic force. If at that 
moment the cock V is opened, by the hai^^le II, the steam pene- 
trating into the tube S at the top, near X, and in the direction of 
the arrows, passes through the tube and the valve V, and enters 
the valve box i. There a sliding valve o o, which moves at the 
same time with the machine, opens for the steam a communication 
successively with each end of the cylinder. Thus, in the figure, 
the entrance on the lefl hand of the sliding valve is represented as 
bein^ open, and the steam follows in the direction of the dotted 
line into the cylinder, where its expansive force will move the pis- 
ton P in the direction of the arrow. The steam or air on the other 
side of the piston passes out in the direction of the dotted line to u, 
which communicates with the tube t /, from which it passes into 
the chimney C, and thence into the open air. The sliding valve 
o o now moves and leaves the right hand aperture open, while it 
closes the one on the lefl. The steam then drives the piston back, 
and that portion of the steam on the lefl of the piston, having per- 
formed its office, passes out of the aperture v, an opening to which 
is made by the new position of the sliding valve. Thus, the sliding 
valve opening a communication, alternately, with each side of the 
piston, the steam is admitted on both sides of the piston, and having 
performed its office, it passes through the aperture u to the tube 1 1^ 
and the chimney C, and from thence into the open air. 

Motion being thus given to the piston, it is communicated, by 

* This cock is not seen in the flgnre, because it Is in the intidt of the tabSi 
The figure represents the outside. 

507 Describe the locomotive steam engine. In the 89th figure, what do F D 
and G represent i What do the following re^rences respectively represent, 
Basidy,SSSf BBB? •••€} CC? oot ut Utttt Vi RQKf 
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means of the rod R and the beam 6, to the crank K; which, beinf 
connected with the axle of the wheel, causes it to tarn, and tJhiM 
moves the machine. 

Thus constructed, and placed on a railroad, the locomotive steam 
engine is advantageously used as a substitute for horse power, for 
drawing heavy loads. 

The apparatus of safety valves and other appliances, for the maa« 
agement of the power produced by the machine, are the same in 
principle, though different in form from those used in other steam 
engines ; for a particular description of which, the student is refer- 
red to practical treatises upon the subject/ 

508. Heat is propagated in two ways, namely, by 
conduction and by radiation. Heat is propagated by 
conduction when it passes from one substanoe to anoth- 
er in contact with it. Heat is propagated by radiation 
when it passes through the air or any other elastic 
fluid. Different bodies conduct heat with different de- 
grees of facility. The metals are the best conductors, 
and among metals silver is the best conductor. 

509. For this reason any liquid may be heated in a silver vessel 
more readily than in any other of the same thickness. The metals 
stand in the following order, with respect to their conducting pow- 
er, namely, silver, g(»Td, tin, copper, platina, steel, iron, and lead. 

510. It is on account of the conducting power of metalst that the 
handles of metal tea pots, and coffee pots, are commonly made of 
wood ; since, if they were made of metal, they would become too hot to 
be grasped by the hand, soon afler the vessel is filled with heated fluid. 
Wood conducts heat very imperfectly. It -may bo held by the fin- 
gers very near the part which is burning, or red hot. Animal and 
vegetable substances, of a loose texture, such as fur, wool, cotton, 
&.C. conduct heat very imperfectly ; hence their efficacy in preserv- 
ing the warmth of the boay. 

511. Heat is reflected from bright surfaces ; while 
black or dark colored bodies absorb the heat that falls 
on them. 

* ln*^A Praetieal Treatise on Loeomotwe Enrinea upon RaUwaift,^ by the 
Chevalier F. M. O. De Pambour^ the reader will find a particular deacriptioii ol 
all tiw parti of tiie looomotive engine. 

t Metals, on account of their oondocting power, cannot be handled when rai^ 
ed to a temperature above 120 degrees of rahreuheit. Water becomea scalding 
hot at 150 deg., but air, heated far beyond the temperature of boiling water, nnaj 
be applied to the skin without much pain. Sir Joseph Banks, with several other 

508. In what two ways is heat propagated f When is It propagated by con- 
duction f When is it propagated by radiation ? Do all bodies conduct heat 
with the same degree of facility f What bodies are the best conductors * la 
what order do the metals stand with respect to their conducting power f la 
wood a good conductor of heat f Why are wool, fur, &c. so efficacious in pro* 
■erring the warmth of the body ? What is related, in the note, with regu^ to 
the conducting power of heat ' 511. What bodies reflect the heat f What 
bodka absorb the heat f 
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512. This 18 the reason why the bright braM andirona, or anr 
ilher bright aubetances, placed near a hot fire, aeldom become heai- 
•d ; while other dark sabatajices, farther removed from the fire, be- 
eome too hot for the hand. 

513. Snow or ice will melt under a piece of black cloth, when it 
will remain perfectly solid under a white one. The farmen, in 
■ome of the mountainoua parts of £arope, are accustomed to spread 
black earth, or soot, over the snow, in the spring, to hasten its 
nsttingy and enable them to conmience ploughing early. 



SECTION XIV. 

Optics. 

514. Optics is the science that treats of light, of col- 
OF8, and of vision, or sight. 

515. The science of optics divides all substances into the follow- 
ing classes ; namely, luminous, transparent, and translucent ', re- 
flecting, refracting, and opaque. 

516. Luminous bodies are those which shine by their own light ; 
that is, by light proceeding from their own substance > such as the 
flun, the stars, a burning lamp, or a fire. 

517. Transparent substances are those which allow light to pass 
through them freely, so that objects can be distinctly seen through 
them ; as glass, water, air, &.c. 

518. Translucent bodies are those which permit a portion of light 
to pass through them ; but render the object behind them indis- 
tinct ; as horn, oiled paper, colored glass, olc. 

gentleinen, remained some time in a room when llie heat was 52 degrees above 
the boillnir point, — but, thoa^ ihey could bear the contact of the heated air, 
they could not touch any metnllic substttnce, as their watch chains, money, &c. 
Ecfi, placed on a tin frame, were roasted hard in twenty minutes ; and a beef 
steak was overdone In thirty three minutes. 

CMsntrey, the celebrated sculptor, has an oven which he uses for drying his 
plaster cats and mouldf. The thermometer generally stands at 300 deg. in it, 
yet the workmen enter, and remain in it some minutes, without difllculty { but 
a gentleman once entering it with a pair of silver-mounted spectacles on, had 
his fiuse burnt when the metal came in contact with the skin. 



Why do bright bodies, when placed near a hot fire, seldom become heated f 
514. Of what does optica treat f 515. Into what classes does the science of op- 
tkcs divide all substances f 51 G. What are luminous bodies i Give an example 
of a*luminous body. 517. What are transparent bodies I Give an example of 
a transparent bo<ly. 518. What are translucent bodies t Give an example of 
a transfucent body. 
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519. Reflecting substances are those which do not permit light to 

EBSS through them ; but throw it off in a direction more or less ob- 
que, according as it falls on the reflecting surface ; as polished 
■teel, looking glasses, polished metal, &c. 

520. Refracting substances are those which turn the light from 
its course, in its passage through them ; and opaque substances are 
those which permit no light to pass through them; as metals, 
wood, Slc. 

521. It is not known what li^ht is. Sir Isaac Newton supposed 
it to consist of exceedingly small particles, moving from luminous 
bodies ; others think that it consists of the undulations of an elastic 
medium, which fills all space « and which produces the sensation of 
light to the eye, in the same manner as the vibrations of the air 
produce the sensation of sound to the ear."* 

522. A ray of light is a single line of light proceeding 
from a luminous body. 

523. Rays of light are said to diverge when^hey sep- 
arate more widely, as they proceed from a luminous 

body. 

524. Fig. 90 represents the rays of light Fig. 90. F 

diversing as they proceed from the lumi- 
nous bocfy, from F to D. 




525. Rays of light are called converging when they 
approach each other. The point at which converging 
rays meet is called the focus. 

Fig. 91. 
Fig. 91 represents converging rays of light, 
mnd the point F is the focus. 




526. A beam of light consists Fig. 82. 
of many rays running in paral- 
lel lines. 

Fig. 92 represents a beam of light. 

527. A pencil of light is a collection of diverging or 
converging rays. 

• The opinioua of philoMphen at the present day are inclining to the mids- 
latory theory. 




«19. What are reflecting substances ? Give an example of a reflecting body. 
52(1. What are reflracting substances? What are opaque s'ibstancea .' eSl, 
What is light .' What did Sir Isaac Newton suppose It to be f What other 
opinions have been (hrmed concerning it ? 622. What is a ray of llglit * ass. 
When are rays of light said to diverge ? What does Fig. 90 represent .' 525. 
When are rays of light calltKl converging? What is the poinf, at whirh con- 
verging rays meet, called f 626. Whar is a beam ofiiffht ? What does Fig. 93 
represent f 527 What is a pencil of light t 
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528. A medium is any substance, solid or fluid, 
through which light can pass ; as water, glass, air, &c. 

529. The rays of light which issue from terrestrial 
bodies, proceed in a diverging manner, until they meet 
with some refracting substance ; but the rays of the sun 
diverge so little, on account of the immense distance of 
that luminary, that they are considered parallel. 

530. Light, when proceeding from the sun, or any 
other luminous body, is projected forward in straight 
lines in every possible direction. It moves with a ra- 
pidity but little short of 290,000 miles in a second of 
time. 

531. Every point of a luminous body is a centre, 
from which light radiates in every direction. Rays, 
proceeding from different bodies, cross each other with- 
out interfering. 

532. A shadow is the darkness produced by the in- 
tervention of an opaque body, which prevents the rays 
of light from reaching an object behind the opaque 
body. 

633. Shadows are of different decrees of darkness, because the 
light from other laminous bodies reaches the spot where the shadow 
is formed. Thas, if a shadow be formed when two candles are 
borning in a room, that shadow will be both deeper and darker if 
one of the candles be extinguished. The darkness of a shadow is 
proportioned to the inti^nsity of the light, when the shadow is pro- 
duoed bjf the interruption of the rays from a single luminous 
body.* 

554. When a luminous body is larger than an opaque 
body, the shadow of the opaque body will gradually di- 
minish in size till it terminates in a point. The form of 
the shadow of a spherical body will be that of a cone. 

* As tiM decree of light and darknev can be estimated only by comparitoa, 
Ae strcnsest light will appear to produce the deepest shadow. Hence, a total 
adipse of tlie sun occasions a more sensible darkness than midnight, because it 
la immediately contrasted with the strong light of day. 

A28. What is a medium ? 529. In what manner do the rays of light proceed 
liriMn terrestrial bodies i In what kind of lines do the rays of light proc^d ttom 
th9 sap ? 530. In what way is light projected forward from any luminous body * 
With what rapidity does it move f 531. Prom what point, in a luminous body, 
docs Hght radiate f 532. How is a shadow produced ? Why are shadows of 
dUlbreot degrees of darkness f To what is the darkness of a shadow propor- 
ticmed, when the shadow is produced by the interruption of the rays A-om a 
•tafle lamlnouM body f 534. What is said of the shadow of the opaque body, 
the laminous body is the larger ? 
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635. niuitnaion. Fig. 93. A re- 
prnenla the sun, and B the moon. 
The Ban, being much lar^rthan the 
moon, cauiea il lo cut a comecging 
■luidow, which lermiDate* at E. 

636. When the lumiaous body is unaller than the 
opaque body, the shadow of the opaque body gradually 

a in size, with the distance, wilhout limit. 



537. RluttratioH. Jn 
Tig. M the sbudow of 
Ihe objecl, A, uiGieuea 




distsnces, B, C, D, E, 
■tanllj diveigei 



638. When seTeral luminous bodies shine upOD thtt 
wme object, each one will produce a shadow. 



539. Fig. 95 representa a 
b«U A illumimited b; the three 
oudlea, B C snd D. The 
light B produces the Bhadoir 
b, the light C, the shadow c, 
•nd the Tighl D, the ahadow 4; 
bat u the light from each of 
the oaodlea ^ines upon all the 
■hadaws, except ilg own, the 
■hidowB will be ftjnt. 



640. When rays of light Tall upon an opaque body, 
which they cannot pass, part of them are absorbed, .and 
part are reflected, aod rebound back, like an elastic ball 
which is thrown against a wall, By the reBeclion of 
light is meant its return or passage from a reflecting 
substance. 
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in Hum respect, %ht it goyerned hj the mow lawi ■• thow 
vhieh relate to oolid elastic bodies. 

641.^ When light falls perpendicularly on an opaque 
body, it is reflected back in the same line, towards the 
point whence it proceeded. If it fall obliquely, it will 
be reflected obliquely in the opposite direction ; and in 
all cases the angle of incidence* will be equal to the 
ang.e of reflection. This is the fundamental law of re- 
flected light. 

642. Opaque objects are seen only by reflected lighf. 
Luminous bodies are seen by the rays of light which 
they send directly to our eyes. 

543. The intensity of light is diminished every time 
it is reflected, because all bodies have a tendency to ab- 
sorb a portion of the light which they receive. 

644. Every portion of a reflecting surface reflects an 
entire imag«3 of the luminous body shining upon it. 

545. When the sun or the moon shines upon a sheet of water, 
every portion of the surface reflects* an entire image of the lumi- 
nary ; but as the image can be seen only by reflected rays, and the 
angle of reflection is always equal to the angle of incidence, the 
image can be seen only in that spot where these angles meet. 

646. Objects seen by moonlight appear fainter than 
when seen by daylight, because the light by which they 
are seen has been twice reflected. 

547. The moon is not a luminous body, but its light is caused by 
the sun shining upon it This light, reflected from the moon and 
falling opon any object is again reflected by that object. It suffers, 
thererore, two reflections; and since (See JYo. 543) a portion is ab- 
sorbed by each surface that reflects'it, the light must be proportion- 

* Hie angles of incidence and reflection have Already been explained in page 
22, No. 147. As this law of reflected light fa one of the most important in thf 
scienca of optics, it is necessary that the pupil hAve a clear idea of it. He mast, 
therefbre, view the particles of light as no many minute balls, bounding against 
assrfhoe, and reflected according to this law. 



By what laws is liffht governed, In this respect ? 541. How is light reflected 
ytihtm it fella perpendicularly on an opaque body f How is it reflected when it 
iiUs obliquely .' How do the angJ«s x>f incidence and reflection compare with 
Mdi other ? How should every particle of light be viewed in order to have a 
dear idea of it f 542. By what licht are opaque objects seen f How are lumi- 
loiw bodies seen f M9. Why is the intensity of light diminished every time it 
li reflected f 644. Does every portion of a reflecting turfece reflect an entire 
tSMge of the luminous body shining upon it f When the sun or moon shines 
raon a sheet of water, why do we not see an image reflected fl'om every por- 
Oon of the surfoce i 546. Why do otjects, seen by moonlight, appear fUntsr 
than when seen by daylight f By what light does the moon shine f . 

10 
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•lly fainter. In tnverun^ the atmosphere, also, the nj§, bolh of 
the sun and moon, suffer diminution , for, althooffh the pure air bi 
transparent medium, which transmits tlie rays oT light fieelj, it ii 
generally loaded with vapors and exhalations, bj which some p» 
tion of tnem is absorbed. 

548. All objects are seen by means of the rays of 
light emanating or reflected from them ; and when no 
light falls upon a body it becomes invisible. 

549. This is the reason why none but Inminous bodies can k 
seen in the dark. For the same reason, objects in the shade, or int 
darkened room appear iudistinct, while tliose which are exposed t9 
a strong light can oe clearly seen. 

550. When rays of light, proceeding llrom any object, 
enter a small aperture, they cross one another and fonn 
an inverted image of the object. 

651. niustration. Fig. 96 represenU the Fig. 96. 

rays from an object a c entering an aperture. 
Tne ray from a passes down through the 
aperture to i/, and the ray from c passes up 
to bf and thus these rays, crossing at the 
aperture, form an inverted image on the 
wall. The room in which this experiment 
is made should be darkened, and no light 
permitted to enter, excepting through the aperture. It then be- 
comes a camera obscura.* 

652. The angle of vision is the angle formed at the 
eje by two lines drawn from opposite parts of an ob- 
ject. 

553. Fig. 97 repre- ^**- ^' ^ 

sents the angle of vis- 
ion. The fine A C 
proceeding from one 
extremity of the ob- 
ject meets the line B C 
proceeding from the 
opposite extremitv, 
and forms an angle 
at the eye, or C ; and this is the angle of vision. 

• These words signify a darkened chamber. In the future description whleh 
will be given of the ey«, it will be seen thai the ramcra obsoura is construcied 
on the same principle as the eye. If a convex len& (See No. 605,) be placed in 
the aperture, an inverted picture, not only of a singie object, but of the enllit 





What absorl>s some of the rays of light in traversing the atmosphere ? 548. 
now are all objects seen ? Why can none but luminous bodies be seen in ths 
dark i 6.W. What kind of an ima«e is formed when ravs of light, proceeding 
(torn an obtject, enter a small aperture .' llluHtrnte this by Fig. 96. What la a 
camera obscura .' How can a portable camera obscura be made f 552. How fei 
ths angle of vision formed f Explain Fig. 97 
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554. Tie. 96 represents the different angles, made by the same ob- 
ject, at different distances. From an inspection of the Fig. it is 
evident, that the nearer an object is to Fig. 99. 

the eje, the wider must be the opening 
of the lines to admit the extremities of 
the object ; and, consequently, the larger c 
the angle under which it is seen ; and, 
on the contrary, that objects at a distance 
will form small angles of vision. Thus, 
in this figure, Uie tliree crosses, F G, 
D £, and A B are all of the same size ; but A B, being the most 
distant, subtends the smallest angle* A C B, while D E and F O, 
being nearer to the eye, situated at C, form respectively the larger 
angles, D C E and F C G. 

555. When an object, at any distance, does not sub- 
tend an angle of more than two seconds of a degree, it 
is invisible. 

At the distance of four miles a man of common stature will thus 
become invisible. 

556. When the velocity of a moving body does not 

exceed twenty degrees in an hour, its motion is impeif 

ceptible. 

It is for this reason that the motion of the heavenly bodies is in- 
, visible, notwithstanding their immense velocity. 

557. Illustration. The real velocity of a body in motion round a 
point, depends on the space comprehended in a degree. The more 

landscape, will be found on the wall. A portable oamera obHCura is made by 
admitting the light, into a box of any size, through a convex lens, which throws 
the image upon an inclined mirror, from whence it is reflected upwards to a 
plate of ground glass. In this manner a beautiful but diminished image of the 
landscape, or of any group of objects, is presented on the plate in an erect po- 
sition. 

* The apparent size of an object depends upon the size of the angle of vision. 
But we are accustomed to correct, by experience, the fallacy of appearances) 
and, therefore, since we know that real objects do not vary in size, but that the 
angles under which we see them do vary with the distance, we are not deceived 
by the variations in the appearance of objects. Thus, a house, at a distanos, 
appears absolutely smaller than the window through which we look aC iti 
otherwise we could not see it through the window -, but our knowledge of the 
real size of the house prevents our alluding to its apparent mngnitude. In Pig. 
88 it will be seen that the several crosses, A B, D E, and P 6, although very 
different in size, on account of their different distances, subtend the same angle 
A O B $ they, therefore, all appear to the eye to be of the same size. 

It in upon a correct observance of the angle of vision that the art of perspeo- 
tive drawing is indebted for its accuracy. 

What does Fig. 98 represent ? What effect has the nearness of the ol^ect to 
the eye, on the angle i Illustrate this by the Figure. U{)on what does the ap- 
parent size of an object depend f Why do ohjectxi a{>peHr so larae i To what is 
the art of perspective drawing indebted for its accuracy f 555. How large an 
angle most a body subtend to be visible .' 556. When is the motion of a body 
tovMble? Why is the motion of the heavenly bodies invioilile P Upon what 
the real tvlocity of a body, in motion roimd n point, depend f 
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diiUnt the moriiiff body from the centre, or, in Fig. ML 

otbsr words, the lar^rcr the circle which it has 
to describe, the larger will be the degree. 

In Fig. 90 if the man at A, and the man at B 
both start together, it is manifest, that A must 
move more rapidly than B, to arrive at C at the 
same time tiiat B reaches D ; because the arc 
A C is the arc of a larger circle than the arc B D. 
But to the eje at L, the velocity of both ap- 
pears to be the same, because both are seen un- 
der the same angle of vision. 

558. Light is said to be reflected when it is thrown off 
from the body oo which it falls. 

559. It has already been stated (See JVb. 540.), that when light 
falls upon any body, part of it is absorbed and part is reflected. It 
remains now to be observed, that light is reflected in the largot 
quantities from the most highly polished surfaces Thus, althoogll 
most substances reflect it in a degree, polished metals, looking-glu* 
ses, or mirrors, &c. reflect it in so perfect a manner as to convey te 
our eyes, when situated in a proper position to receive them, pe^ 
feet images of whatever objects shine on them, either by their own, 
or by botrowed light. 

560. That part of the science of optics which relates 
to reflected light is called Catoptrics. 

561. Rays of light are reflected according to the 

same laws which regulate the motions of elastic solid 

bodies. 

Thus, a ray falling on a reflecting surface will be thrown off 
from that surface in such a manner that the angle of incidence will 
be equal to the angle of reflection.* This is Uie fundamental law 
of catoptrics or refkcted light. 

562. An incident ray is a ray proceeding to, or fall- 
ing on any surface ; and a reflected ray is the raj 
which proceeds from any reflecting surface. 

6G3. Fig. 100 is desij^ned to show the angles of incidence and 
of reflection. In this ngure M A M is a mirror, or reflecting sur- 

* The angles of incidence and reflection have already been described in page 
83, No. 121, but as ail the phenomena of reflected light depend upon the law 
stated above, and a clear idea of these angles is necessary, in order to andsr* 
stand the law, it is deemed expedient to repeat in this connexion the explass- 
tion already given. 



Explain Fig. 99. Why does the velocity of both, to an eye at E, appear tobt 
the same f 658. When is light said to be reflected f What becomes nf tks 
light which falls upon bodies ? What Burfacen reflect the largest quantity of 
Mfilitf dCO. What is catoptrics.' 561. By wh.ii laws are rays of light renew- 
ed f What is the fundamental law of catoptrics > 562. What is an incideat 
ray f What is a reflected ray I What does Fig. 100 represent i Bxplaia 
the Figure. 
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FIf. lOOi 



M 



M 




ftee. P is a line perpendicular to the sar- 
&ce. I A represents an incident ray, falling 
OQ the mirror in such a manner as to foim, 
with the perpendicular P, the angle 1 A P. 
This is called the angle of incidence. The 
Uae R A is to be drawn on the other side of 
P A in such a manner as to have the same 
inclination with P A as I A has, so that the 
ingle RAP will be equal to I A P. The 
fine R A will then show the course of the re- 
fleeted ray ; and the angle RAP will be the 
Uffle of reflection. 

664. From whatever surface a ray of light 
if reflected, whether it be a plain surface, a 
convex surface, or a concave surface, this law 
InTariablj prevails; so that if we notice the inclination of any inci- 
dent ray, and the situation of the perpendicular to the surface, on 
which It falls, we can always determine in what manner, or to what 
point it will be reflected. This law explains the reason why, when 
we are standing on one side of a mirror, we can see the reflection 
of cbjects on uie opposite side of the room, but not those on tho 
lame side on which we are standing. It also explains the reason 
why a person can see his whole figure in a mirror, not more than 
half of his height. It also accounts for all the apparent peculiari- 
ties of the reflection of the different kinds of mirrors. 

565. There are three kinds of mirrors used in optics, 
namely, the plain, the concave, and the convex mir- 
ror. Plain mirrors are those which have a flat surface, 
such as a common looking glass ; and they neither 
magnify nor diminish the image of objects reflected frotn 
them. 

566. Convex mirrors have a convex surface, that is, 
a surface bulging outwards ; and they diminish the im- 
age of objects reflected from them. A convex mirror is 
a portion of the outside of a sphere. 

567. Concave mirrors have a concave surface, that is, 
a surface hollowing inwards ; and under certain circum- 
stances magnify the image of objects which they reflect.* 

* Concave mirrors ■ometimes present a magnifled, sometimes an equal, a»4 
HMnetlJiiea a diminished image. Tlie size of ttie image depends upon the dis- 
tioee of tlM object flrom the surfltce of the mirror. 



Do the dlfnsrent 1;inds of surfaces, fVom which light is reflected, cause any ▼ari- 
Ittaii from this rale t How can you explain the reaaon, why, when standing oa 
use side of a mirror, we see the reflected objects on the opposite side.' 56fi. 
YitM are plain mirrors f How do they make the image appear f 566. What 
sre convex mirrors f How do they malie the image apr>ear f What part of a 
qthere is a convex mirror ! 567. What are concave mirrors f How do they 
mak» tlM image appear f 

10* 
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A concave mirror is a portioa of the inner surface of ft 
sphere. 

668. niustration. In Fig. PIf. 101. O 

101 M N represents both a 
eonvez and a concave mir- 
ror. They are both a por- 
tion of a sphere of which O 
is the centre. The outer 
part of M N is a convex, and 
the inner part is a concave 
mirror. Let A B, C D, E 
F, represent rays falling on 
the convex mirror Bf N. As 
the three rajs are parallel, 
they would all be perpen- 
dicular to a plane or flat mirror ; but no ray can fall perpendicu- 
larly on a concave or convex mirror, which is not directed toward 
the centre of the sphere of whioh the mirror is a portion. For this 
reason the rav C D is perpendicular to the mirror ; while the other 
ravs A B and £ F fall obliquely upon it. The middle ray therefore 
fiilling perpendicularly on the mirror, will be reflected back in the 
same line, while the two other rays falling obliquely will be re- 
flected obliquely ; namelv, the ray A B will be reflected to G and 
the ray £ F to H, and the angles of incidence A B P and £ F T 
will be equal to the angles of reflection P B G and T F H, and 
since we see objects in the direction of tlie reflected rays, we shall 
see the image at L, which is the point at which the reflected rays if 
continued through the mirror would unite and form the image. 
This point is equally distant from the surface, and the centre of Uie 
sphere, and is called the imaginary focus of the mirror. It is call- 
•«d the imaginary focus, because the rays do not really unite at that 
point, but only appear to do so ; for the rays do not pass through 
the mirror, since they are reflected by it. 

569. The image of an object reflected from a convex mirror is 
smaller than the object. 



570. iUustra 
Uon. This is 
owing to the di- 
vergence of the 
reflected rays. 
A convex mir- 
ror converts, by 
reflection, par- ^ 
allel rays into 
divergent rays; 
rays that fall 
upon the mirror 
divergent, are 
rendered still 
more divergent 



Fif. 108. 




What part of a sphere is a concave mfrror f In Fifr. 101, which partof tbs 
sphere repreeents a convex mirror ? Which part a concave minor f BxplalB 
tas figure. 
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hf reflection, and convergent rajs are reflected either parallel, or 
Ins convergent. If, then, an object A B be placed before any part 
of a convex mirror, the two rays A and B proceeding from the 
extremities, failing convergent on the mirror, will be reflected less 
convergent, and will not come to a focus until they arrive at C : 
then an eye placed in the direction of the reflected rays will see 
the image formed in ^or rather behind) the mirror at a 6 ; and as 
the image is seen under a smaller angle than the object, it will ap- 
pear smaller than the object. (See Jfo. 552.) 

571. Concave mirrors have the peculiar property of forming 
images in the air. The mirror and the object being concealed be- 
hind a screen, or a wall, and the object being strongly illuminated, 
the rays from the object fall upon the mirror, and are reflected by it 
through an opening in the screen or wall, forming an image in the 
lir. Showmen have availed themselves of this property of concave 
mirrors, in producing the appearance of apparitions, which have 
terrified the young and the ignorant. These images have been 
presented with ffreat distinctness and beauty, by raising a fine 
transparent cloud of blue smoke, by means of a chafing-dish, around 
the focus of a large concave mirror. 

The true focus of a concave mirror is a point equally distant from 
the centre and the surface of the sphere, of which the mirror is a 
portion. 

572. When an object is further from the concave mirror than its 
focus, the imajge will be inverted ; but when the object is between 
the mirror ana its focus, the image will be upright, and grow larger 
in proportion as the object is placed nearer to the mirror. 

573. The image reflected by a concave mirror is larger than the 
object, when the object is placed between the mirror and its focus.* 

574. laustra- 

ti«».Thisisow- Fig. lOS. 

ing to the con- 
vergent proper- 
ty of the con- 
cave mirror. If 
the object A B 
be placed be- 
tween the con- 
cave mirror and 
its focus /, the 
rays A and B 
from its extrem- 
ities will fall di- 
vergent on the 
mirror, and, on 

* There are three eases to be considered with regard to the elftcta of concave 
■irrorss 

L When the db^eet is placed between the mirror and the principal fiocnt. 

Sn. What peculiar property belongs to concave mirrors f How can this be 
done f Where is the irae focus of a concave mirror f 572. IIow does an ob- 
ject appear when placed farther from a concave mirror than its focus f How 
msst an oliject be placed lo appear upright f In what proportion does the site 
or the ot|)ect increase f 673. Do concave mirrors always present magnified 




116 NATURAL PHILOSOPHY. 

beinff reflected, become less divergent, as if they proceeded from 
C. To an eye placed in that situation, namely, at C, the image 
will appear magnified behind the mirror, at a 6, since it is seen an« 
der a lai|ger angle than the object. 

675. The following facts result from the operation of the law 
already stated as the fundamental law of catoptrics, namely, that 
the angles of incidence and reflection are always equal. The troth 
of these statements may be illustrated by simple drawing; always 
recollecting, in drawinffthe figures, to make the angles of incidence 
and reflection equal. The whole may also be shown by the simple 
experiment of placing the flame of a candle in various positions, 
before botli convex and concave mirrors : 

Firstf With regard to Convex Mirrors. 

576. Parallel rays, reflected from a convex surface, are made to 
diverge. 

577. Diverging rays, reflected from a convex surface, are made 
more diverging. 

578. When converging rays tend towards the focus of parallel 
rays, they will become parallel when reflected from a convex 
•urface. 

579. When converging rays tend to a point nearer the surface 
than the focus, they will converge less when reflected from a con- 
vex surface. 

580. If converging rays tend to a point between the focus and 

t. When it is situated between its centre of concavity and that (bcus. 
S. When it \a more remote than the centre of concavity. 

1. In the first case, the rays of light diverging afler reflection, bat in a less 
de^ee than before such reflection took place, the image will he larger than the 
ofciiect, and apjiear at a greater or smaller distance from the surface of the inir> 
ror, and behind it. The image in this case will be erect. 

2. When the otyect is between the principal focus and the centre of the mir- 
ror, the apparent image will be in O'cnt uf the mirror, and beyond the centre, 
appearing very distant when the object is at or just beyond the focus, and ad- 
vancing towards it as it recedes towards the centre of concavity, where, aa 
already stated, the image and the object will coincide. During the retreat of 
the olyect, the image wiil still be inverted, because the rays belonging to each 
visible point will not intersect before they reach the eye. But in this case, the 
image becomes less and less distinct, at tlie same time that the visual angle is 
increasing } so that at the centre, or rather a little before, the image becomes 
confused and imperfect*, owing to the small parts of the object aubiending an- 
gles too large for distinct vision, just as happens when objects are viewed too 
near with the naiced eye. 

8. In the cases just considered, the images will appear erect; but in the case 
where the cbtiect is ftirther from the mirror, than its centre <^ concavity, the 
image will be inverted : and the more distant the object is from the centre, the 
leas will be its image, and the further from the said centre, or the nearer the 
Ibeus and the converse, the image and object coinciding when the latter is sta> 
tioned exactly at the centre, as noticed in the preceding case. 



575. What facts are stated with regard to convex mirrors, as resniting fW»m 
the tbndamental law of catoptrics f 576. What is said of parallel rays f 577. 
What Is said of diverging rays f 578. What is said of converging rays, wImd 
they tend towards the focus of parallel rays ? 579. What is said of convei^nf 
rays, when they tend to a point nearer ttie surface than the focus } 580. What 
is sal J of converging rays, when they tend to a point between the fbcua and tlM 
eoQtre? 
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the centre, they will diverge as from a point on the other side of 
tlie centre, fartner from it than the point towards which thej con* 
ferged. 

581. If conver^ng rays tend to a point beyond the centre, they 
will diverge as from a point on the contrary side of the centre, 
nearer to it than the points towards which they converged. 

562. If converging rays tend to the centre when reflected from a 
cosvEX mirror, they will proceed in a direction as far from th« 
centre. 

Secondly, WUh regard to Concave Mirrors. 

583. Parallel rays, reflected from a cokcave surface, are mada 
converging. 

584. Converging rays, falling upon a concave surface, are made 
to converge more. 

585. Diverging rays, falling upon a concave surface, if thej 
diverge from a focus of parallel rays, become parallel. 

5da If from a point nearer to the surface than that focus, they 
diverge less than before reflection. 

587. If from a point between that focus and the centre, they con- 
Terge, afler reflection, to some point on the contrary side of the 
centre, and farther from the centre than the point from which they 
diverged. 

5^. If from a point beyond the centre, the reflected rays will 
converge to a point on the contrary side, but nearer to it than the 
point from which they diverged. 

589. If fiom the centre, they will be reflected thither again.* 

In estimating these angles, it must be recollected, that no line is 
perpendicular to a convex or concave mirror, which will not, when 
■omciently prolonged, pass through the centre of the sphere of 
which the mirror fis a portion. 

* The above fonrteen principles, relating to rays or light reflected Orom cob- 
▼ex and concave surfhces, ali result from tlie sHine fundamental law of catop* 
Uict, which has already been stated severnl times, namely, tliat when light falls 
on any reflecting surface, it will invariubly be reflected in such a manner as to 
make the tmgle ot reflection equal to the angle of incidence. 

t Mirrora (or looking-glasses) may be made of polished metal, or glass, with 
ike tmck covered with an amalgam, or mixture of mercury and tinfoil. It is the 
Mnooth and bright surfhce of ihe mercury that reflects the rays, the glass acting 
only as a transparent case, or covering, through which the rays And an eafiy 
passage. Some of the rays are absorbed in their pasHage through the glass, be* 
cause the purest glass is not free (torn imperfections. For this reason, the t>e8t 
mirrors are made of flue and highly-polished steel. 

Uoneave mirrors, by the property which they possess of causing parallel rays 
to converge to a focus, are sometimes used as burning-glasses. M. Dufby made 



5ei. What is said of converging rays, when they tend to a point beyond the 
centre f 592. What is said of converging rays, when they tend to the centre f 
MS. What Is said with regard to parallel rays, when reflected from a concave 
nrfiice f 684. What is said of converging rays? 585. What lit said of diverging 
raja, if they diverge fV'om a focus of parallel ravs f 586. What, if IVom a |>oint 
nearer to the surface than that focus f 587. ^hat, if from a point between 
that fbcoa and the centre i 588. If from a point beyond the centre ? 589. If 
from the centre f Note. From what do these fourteen principles, stated above. 
result ! How can yon prove wliellier a line be perpendicular to a convex or a 
concav9 mirror f Note. What is said with regard to mirrors i Of what are 
the beat mirrors made I For what are concave mirrors sometimea used ' 
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SECTION XV. 
Refrciciion of lAght. — Optics continued, 

590. That part of the science of optics which treats 
of refracted light is called Dioptrics.* 

591. By the refraction of light is meant its being 
turned or bent from its course ; and this always takes 
place when it passes obliquelj/ from one medium to an- 
other. 

592. By a medium,f in optics, is meant any substance through 
which light can pass. Thus, air, glass, water, and other fluids, ace 
media. 

593. There are three fundamental laws of dioptrics, 
on which all its phenomena depend, namely : 

First, When light passes from one medium to another, in a direc- 
tion perpendicular to the surface, it passes on in a straight line 
without altering its course. 

Second. When light passes in an oblique direction, from a rarer 
to a denser medium, it will be turned from its course, and proceed 
through the denser medium less obliquely, and in a line nearer to 
a perpendicular to its surface. 

Third. When light passes from a denser to a rarer medium, it 
passes through the rarer medium in a more oblique direction, and 
in a line further from a perpendicular to the surface of the denser 
medium. 

a eoacave mirror of plaster ofParis, gilt &nd burnished, 20 inclies in diameter t 
Willi wliicli lie set fire to tinder, at the distance or fifty feet. But the most re- 
markable thing of the kind on record, is the compound mirror constructed by 
BuflTon. He arranged 168 small plane tnrirrors in such a manner as to reflect 
radiant light and heat to the same fucus, like one large concave mirror. With 
this apparatus he was able to set wood on fire at tne distance of 209 feet, to melt 
lead at 100 feet, and silver at 50 feet. 

* The power of being refracted Is called refrangibility, 

t The plural number of this word is media^ although madiunu is sometimes 
used. A medium is called dense or rare in optics, according to its reflractive 
power, and not according to its specific gravity. Thus, alcohol, and many of 
the essential oils, although of less specific gravity thnn water, have a greater 
refhicting power, and are, therefore, called denser media than water. In lk« 
foUowinc list, the various substances are enumerated in the order of their re- 
fractive power, or, in other words, in the order of their density, the last men- 
tioned being the densest, and the first the rarest, namely : air, ether, ice, water, 
alcohol, alum, olive oil, oil of turpentine, amber, quartz, glass, melted salphiir, 
diamond. 

590. What is Dioptrics.' 591. What is meant by the reiVacrion of light? 
When does this take place f 592. What is a medium, in optics f Give some 
exiunples of media. Note. In what proportion is a medium dense or rare f 
503. What are the three fundamental laws of dioptrics ? 
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SH. mustratiim. In Fig. 104, the line A B repmrnto ■ ny of 

li{ht poaaing from air into witrr. in a perpendiculsr direction. Ac' 
iradinF to the fint Im*. atatetl abaie, it wilt continue an in tlw 
Mnw fine throaeli the clenaer mrdium lo E. 
ir the nj wen- to pan npvard thiough Ihe q ^'*- '"*- 

JtBKr medium, the walpr, in the aanie per- 

EDdicular direction to the air, b^ the Mme 
r it would alao conlinue on in the lame 
Mnight line to A. 

5SS. But if the laj proceed from a rarer to 
■denser medium, in an obliqiie direction, aa 
ftom C to B, when it enter* the denter medi- 

be lo D, but, by tlie eeeond Irw, ataled E F~D 

ibove, it will be refracted or bent out of iu courae, and proceed in 
(lea obliqae direction to F, irhich b nearer the perpendicuUr A B 
EthtDD is. 

696. Again, if the raj proceed from the denser medium, the 
nter, to the rare medium, the lir, nimelT, from F to B,— instead 
if pareuinr ita straight course to G, it will be refracted according lo 
Ite third law above stated, and proceed in a more obliaue direc- 
toa to C, which la further from the perpendicular ABE tkon (j la. 

The refraction ia more or leia in all cases in proportion a* the 
nn ttW more or lets obliquelj on the refracting surfoce. 

597. From what hit* now been slated, with regard to refraction, 
it «rill be seen that many interesting facts maj be eipluined. Tii.u, 
■n oai or a stick, when parti; immersed in water, appears bent, !»• 
etnae we see one part in one medium, and the other in another 
medium ; the part which is in the water appears higher than it really 
is, on account of the refraction of the denser medium. 

59H. For the same reason, when we looii Miqutly upon a body 
of water it appears more ahallow than it realty is. But when wb 
look jitrpendicaluTly downwards, from s boat.'we are liable to xm 
•och deception, because there will be no refraction. 

509. Let a piece of money be put into a cup or a bow!, and the cup 
ud Ihe eye be placed in such a position (hat the side of the cup wiu 
just hide the rooaej from the sight, then keeping the eye slill, lei Ihe 
cop bo filled with water, — the money will become distinctly visible. 

600. The refraction of light prevents our seeing the 
heavenlj bodies in their real situation.* 

* nm U anoUur reason, aT», why we do no! see the hvsTsnIy bodies ta 
lUr ma uttDSllon. Usht, Ihoufh it rdavg wilh ircsL Iflloclly, Is alHIDI a l-> 
■iBDiai In Its passage IhiQi iha sun la ili< earth, so ihai when the rays reack 



aler, when ilewed obliquely, a 
ken (slaud I em. Why do we not 
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601. Tbr light which th«y wnd to ua 11 refnctpd !n puring 
thron^h the ■bnoaphem, tnd we aee the inn, the ■tars, Ab. in tilt 
dtieclioD of tlw retracted ray. In conKqaence of Ihia atmoapheric 
refracljon the aun alieda hia light apon na eirlier in the morninj 
•nd liter Ea the evening, than we ahonld otlierwiae pereeive il 
And wlien the son ia actuiity bi'low the horizon, thoae nja whiet 
would nlbrrwias be diaaipsted throu^ apnce, are refracted bj tfaf 
Ktmospliere lowarda the lurfiuw of the earth, cauaing twilight. llM 
fTMter the deoaity of the air the higlier ii its refikcUve power, and 
coDf qnenlly, the longer the duration of twilight. 

602. When a ray of light paases from one medium tc 
mnoiber, and through that iato the Grit again, if the Iwt 
refractions be equu, and in opposite directions, no sen- 
nble effect will be produced. 

603. Tliii eiplaina the reason why the refncUre power of Bw 



irindow-glaaa producea no effect on objecla aeen through it 
nyt auffer two lerractiona, which, being in contrary di --'--- 
■hice the aame effect u if no refrectioD Dad taiken pltc: 



604. A lens is a glass, which, according to its petniliai 
ftn-m, causes the rays of light to converge to a focua, oi 
disperses tbem further apart, according to the laws ol 
retraction. 

605, There are various kinds of lenses, named ac- 
cording to their focus ; but they are all to be considerec 
u portiong of the internal or external surface of t 
sphere. 

FK.1IK. 




Id »a (M tham I Whm pagaea iwtltfti > Uwn wka 

""-•rpcndr WhalolllcrnnKiiiHilTeil, iBIhaMiU 

ilybDdiH lDibeirtni«>lti»il<nir Whon do™ Ik 

,., — ., .„ Jiy lima • BCB. Wbai titta li pmhiwd nita i 

ny of 11^1 piwM fmin i>» medium u> anolber, and ibrongli ihal Idio iIh On 

£laf Why doai lb> wIVmciiTa power of flai vindoK^ffaH arodm b< 
ct OB oblBcta aaAn Ikraufh li • eM. Wbu ii a Ism f ecM. Raw aro al 
laMaaiobacaaaMtcedf Wbai la * ilBilg hhitbi lena f Wkat pan of F^ Ml 
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608. A double convex lens is convex on both sides, as C, Fig- ^05. 
6U9. A double concave kns is concave on both sides, as iJ, Fur, 
106. 

610. A meniscus is convex on one side and concave on the other, 
as E,' FijP. 105. 

611. The axis of a lens is aline passing through the centre; thus, 
P Gf Fig. 1(^, is Uie axis of all the five lensea 

612. The peculiar form of the various kinds of lenses 
causes the light which passes through them to be re- 
fracted from its course. (^According to the laws stated in 

Ab. 593.) 

613. It will be remembered that, according to the laws stated in 
No. 593, fight, in passing from a rarer to a denser medium, is re- 
Jraeted towards the perpendicular; and, on the contrary, that in 
passing from a denser to a rarer medium, that it is refracted further 
nom tne perpendicular. In order to estimate the effect of a lens, 
we must consider the situation of the perpendicular, with respect to 
the surface of the lens. Now, a perpendicular, to any convex or 
concave surface, must always, when prolonged, pass through the 
centre of sphericity ; that b, in a lens, tlie centre of the sphere of 
which the lens is a portion. By an attentive observation, therefore, 
ef the laws above stated, and of the situation of the perpendicular 
OB ^aek side of the lens, it will be found in general^ — 

Firsty That convex lenses collect the rays into a focus, and 
magnify objects at a certain distance. 

Second f That concave lenses disperse the rays, and diminish ob- 
jects seen through them. 

614. The focal distance of a lens is the distance from 
the middle of the glass to the focus. This, in a single 
convex lens, is equal to the diameter of the sphere of 

•flbct the appearance of the heavenly bodies when the)' nre vertical, that te, 
directly over our heads, because the rays then pass vertically, a direction in- 
tompaiible with refraction. 

It may here also be remarked, that it is entirely owing to the reflection of the 
ttmosphere that the heavens appear bright in the day time. If the atmosphere 
ImmI do reflective power, only that part would be luminous in which the sun is 
placcNl ; and on turning our bacic to the sun, the whole heavens would appear 
n dark as in the night ; we should have no twilight, but a sudden transition 
from the brightest sunshine to darkness, immediately upon the setting of the sua. 

represents a single convex lens f What is a sinirle concave lens ? What part 
t€ Pig. 105 represents a bingle concave lens f What is a double convex lens f 
What part of Pis. 105 represents a double convex lens f What is a double 
SDBoaye lens i What part of Fig. 105 represents a double concave lens f What 
ii A meaiseus f What part of Fig. 105 represents a meniscus f What is the 
axis of a lens f What line, in Fig. 105, represents the axis of all the Ave lenses f 
61S. What is stated in No. 612 with regard to the form of the lenses ? How is 
DfhC refracted in passing fl'om a rarer to a denser medium f How, in passing 
fltkm a denser to a rarer f What must be considered in estimating the efTect of 
tenses f Through what must a perpendicular, to any convex or concave surfhc^ 
always, when prolonged, pass f What is stated with regard to convex lenses r 
What, with regard to concave lenses f 614. What is the focal distance of a 
teas f To what is this equal in a single eonve.x lens f To what is it equal ia a 
ioabto coavex tens { 

11 
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which the lens is a portion ; and ia a double conyez 
lens is equal to the radius of a sphere of which the leas 
is a portion. 

615. When parallel rays"^ fall on a convex lens, that 
only which falls in the direction of the axis of the lens 
ts perpendicular to its surface, and will continue on in a 
straight line through the lens. The other rays, falling 
obliquely, are refracted to the axis and will meet in a 
fccus. 

616. It is this property of a convex lens which gives it its power 
as a horning slass. All the parallel rays of the sun which pass 
through the fflass, are collected together in the focus ; and, conse* 

auentiy, the heat at the focus is to the common heat of the sun, as 
le area of the glass is to the area of the focus. Thus, if a lena, 
four inches in diameter, collect the sun's rays into a focus, at the 
distance of twelve inches, the image will not be more than one 
tenth of an inch in diameter; the surface of this little circle is 1600 
times less than the surface of the lens, and, consequently, the heat 
will be 1600 times greater at the focus than at the lens, t 

617. The following effects result from the laws of re- 
fraction, stated in No. 593 ; and, first, with regard to 
CONVEX surfaces. 

618. Parallel rays passing out of a rarer into a denser mediam, 
through a convex surface, will become converging. 

619. Diverging rays will be made to diverge less, to become par- 
allel, or to converge, according to the degree of divergency before 
redaction, or the convexity of the surface. 

GSO. Converging rays, towards the centre of convexity, will sufier 
DO refraction. 

* The rays of the sun are considered parallel at the sar&ce of the earth. 

t The fbltowing eflfects were produced by a lai^e lens, or burning glass, two 
Jbet in diameter, made at Leipsic, in 1691. Pieces oriead and tin were inatantly 
melted ; a plate or iron was soon rendered red hot, and alterwardc fkised, or 
melted, and a burnt brictc was converted into yellow glass. A double convex 
lens, three feet in diametep, and weighini; 212 pounds, made by Mr. Parker, fa 
England, melted the most refh&ctory substances. Cornelian was fused in 75 
seconds, a crystal pebble in 6 seconds, and a piece of white agate in SO aecondSi 
This lens was presented by the King of England to the Emperor of China. 

615. When parallel rays foil on a convex lens, which one is perpendicalar to 
Its surfkce t How are the other rays, falling obliquely, refVacted f What prop, 
erty of a convex lens, gives it its power as a burning glass i Where nre all 
ihe parallel rays of the sun, which pass through the glass, collected f How 
does the heat at ihe focus compare with the common heat of the sun f What 
Is related in the note with regard to the elTects of lenses produced by burning 
glasses f 618 What is the first effect related as resulting fh>m the laws of 
refraction, stated in No. 693, with regard to convex surfaces.^ 619. What Is 
said of diverging rays i 620. What is said of converging rays towards the cen- 
tre of convexity i 
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621. Rays eonyergfing to a point beyond the centre of convciily, 
will be made more converging. 

622. Conyerging rays towards a point nearer the surface than the 
centre of convexity, will be made less converging by refraction. 

[When the rays proceed out of a denser into a rarer medium^ th» 
reeerse occum in each case,"] 

Secondly. With regard to Concave Surfaces. 

623. Parallel rays, proceeding out of a rarer into a denser medium, 
through a concave surface, are made to diverge. 

624 Diverging rays are made to diverge more, — to sufier no re- 
fractM>n, — or to diverge less, according as they proceed from m 
point beyond the centre, from the centre, or between the centre and 
the surface. 

625. Converging rays are made less converging, parallel, or di- 
verging, according to their degiee of convergency before refiao- 
tion.* 

[When the rays proceed out of a denser into a rarer medium^ the 
reverse takes place tn each case."] 

626. Double convex, and double concave glasses, or 
lenses, are used in spectacles, to remedy the defects of 
the eye, when by age it becomes too flat, or loses a 
portion of its roundness ; or when by any other cause 
it assumes too round a form, as in the case of short- 
sighted (or, as they are sometimes called, nearsighted) 
persons. Convex glasses are used when the eye is too 
flat, and concave glasses when it is too round.^ 

627. The eye is composed of a number of coats, or 
coverings, within which are enclosed a lens, and certain 
humors, in the shape, and performing the office of con- 
vex lenses. 

* Th« above eight principles are all the necessary consequence of the opera- 
tion of the three laws mentioned in number 693. The reason that so many 
difibreot principles are produced, by the operation of thotie la-wa, is, tliat the 
perpendiculars to a convex or concave surface are constantly varying, so that 
so two are parallel. But in llat surfaces the perpendiculars are parallel ; anci 
one invariable result is produced by the rays when passing from a rarer to a 
dens^, or from a denser to a rarer medium, having a flat surface. 

t These lenses or glasses are generally numbered by opticians, according to 
dieir d^ree of convexity or concavity *, so that by knowing the number that fits 
the eye, the purchaser can generally be accommodated without the trouble of 
trying many git 



121. What of raya converging to a point beyond the centre of convexity } 
622. What of rays converging to a point nearer the surface than the centre of 
convexity i When the rays proceed out of a denser i^ito a rarer medium, what 
oecora ) 623. What is stated, in No. 623, with regard to concave surfaces I 
624. W^hat is said of diverging rays f 625. What is said of converging rays? 
Of what are ttye above eight principle:) the necessary consequence ? What is the 
reason that so many different principles are produced by the operation of these 
laws ? 626. For what are double convex and concave glasses, or lenses, used 
In apectacles ? What glasses are nsed when the eye is loo flnt f What are 
MM when the eye is too round f 627. Of what is the eye composed * 
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628. The difibrent parts of the eye are : 



6. The Vitreous Humor. 

7. The Retina. 

8. The Choroid. 

9. The Sclerotica. 




1. The Cornea. 

2. The Iris. 

3. The Pupil. 

4. The Aqueous Humor. 

6. The Crystalline Lens. 10. The Optic Nerve. 

6*^. lUustraiion. Fig. 106 repre- Fig. lOfi. 

aents a front view of the eye, in which 
a a represents the cornea, or, as it 
18 commonly called, the white of 
the eye ; e e is the* Iris, which is of 
different colors in different persons; 
and we call a person's eye black, 
bhie, &,c. according to the color of 
the Iris. The Iris has a circular 
opening in the centre, called the pupil, 
p, which contracts in a strong light, 
and expands in a faint light, and 
thus regulates the quantity which is 
admitted to the tender parts in the interior of the eye. 

630. Fig. 107 represents a Fig. 107. 
aide view of the eye, laid 
open, in which b b represents 
the cornea, e e the Iris, d d the 
pupil, //the aqueous humor, 
g g the crystalline lens, h h 
the vitreous humor, i i i i i the 
Retina, e e the choroid aaaaa 
the sclerotica, and n the optic 
nerve. 

631. The cornea forms the 
anterior portion of the eye. 
It is set in the sclerotica in 
the same manner as a crystal 
of a watch is set in the case. 
Its degree of convexity varies in different individuals and in differ- 
ent periods of life. As it covers the pupil and the iris, it protects 
them from injury. Its principal office is to cause the light which 
xeaches the eye. to converge to the a.xis. Part of the light, however, 
is reflected by its finely polished surface, and causes the brilliancy 
of the eye. 

632. The Iris is so named from its being of different colors. It is 
a kind of circular curtain, placed in the front of tlie eye to regulato 
the quantity of light passing to the back part of the eye. It has a 
circular opening in the centre, which it involuntarily enlarges or 
diminishes. 

^ ■ ■!■■ I ..ll ■ ■■-■ I ■! ■! . . ■ ■»■ ■■■ I ■■■ II ■ "Ml^— — ^— ^^^— ^ 

638. >VhHl are the diflTerant parts of the eye. First? Second f Thirds 
Fourth ? FiAh ^ Sixth i Seventh f Eighth i Ninth > Tenth i What does 
Fig. 106 represent I Explain the Y\g. What does Fij;. 107 reitre-tcnt .' Explain 
the Fig. What part of the eye does the cornea Turin i Is its de*;ree of convex- 
ity the same in all persons and all periods of life .' What is its principal olliee i 
8S3. From what doea the iris take its name t What is the use of the ix\mf 
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633. Tbe pnpU u merely Ihe openinB in Ibe iris, throa|h *hich 
the light puKB to the lens behind. It is alwayt circular ill llie 
hniiuii eye, but in qufutrupedn it is of different ihitpe. When the 
pupil ia eipauded to its uCmcnt extent, it is cspuhlc of admitting ten 
limu the quantil; of light that it doei wben moit eonLmcted.* In 

of dilatation and coatracuon is ranch greatei ; il ia computed, that 
their pupil* may reoeire one hundred times more light at one lime 
thin at another. The light only, nhich pawea the pupil, can be 
of uae ID Tisian ; that which falls on the iris is reflected, returns 
IhrsB^ the cornea, and eihibitj the color of the iria. 

634. The aqueoua humor is ■ watery fluid, I as clear as the purest 
waler. In shape it reaembles ■ meniscus, and, bring situated be- 
tween the cornea and the crystalline lens, it aisists in eollecting 
tad iTuismitting the rays of light fromeilernal objects to thai lens. 

635. The crystalline lens ia a transparent body, in the form of ■ 
doable conTei lens, placed between the aqueous and vitreous Hu- 
man. Its office is not only to collect the rays Ui ■ focus, on the 
letina,but also to increase the intensity of the light which is directed 
to the back part of the eye. 

636. The vitreous humor (so called from ita resemblance to mehed 
^Ui,) Is a peiiecllr tnnapalent mass, occupying Ihe globe of the 

eye. Its shape ii like a m~ ' "■" — — "'" 

Ihecf 



637. In Figure 108 the shape of 
the aqueous and vitreous humon, 
and the crystalline lens is pre- 
sented, s IB the aqueooi humor, 
■bich il a meniscus, i the crvi- 
1 double 
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other ptrts of the eye, are brought to a focus in the retina, where 
mn inyerted image of the object is represented. 

638. The choroid is the inner coat or covering of the eye. Its 
outer and inner surface is covered with a substance called the ]tig' 
menium nipruniy (or black painty Its office is, apparently, to absorb 
the ravs of light immediately after they have fallen on the retina. 
It is the opinion of some philosophers, that it is the choroid and not 
the retina, which conveys the sensation produced by rays of light 
to the brain. 

639. The sclerotica is the outer coat of the eye. It derives its 
name from its hardness. Its office is to preserve the globular figure 
of the eye, and defend its more delicate internal structure. To the 
sclerotica are attached the muscles which move the eve It re- 
ceives the cornea, which is inserted in it somewhat like a watch 
glass in its case. It is pierced by the optio nerve, which, passii^ 
through it, expands over the inner surface of the choroid, and thus 
forms the retina. 

640. The optic nerve is the organ which carries the impressions 
made by the rays of light, (whether by the medium of the retina, or 
the choroid,) to the brain, and thus produces the sensation of sight.* 

641. The eye is a natural camera o6scttra, - and the 
images of all objects seen by the eye are represented 
on the retina, in the same manner as the forms of ex- 
ternal objects are delineated in that instrument. (See 
JVb. 661, note,) 

642. Fig. 109 represents only those parts of the eye which are 
most essential. The image is formed thus. The rays from the 
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object e df diverging toward the eye, enter the comet c, and eross 

* For the above description of the eye and . Its parts, the author is Bwlsly 
indebted to Paxton*s Introduction to tne Study of Anatomy, «Qted by Dt, 
Lewis of this city. 

. ' ' •^^•^— — — ■»^— ~-^^^^— ^^.— ^i^^-.^.— ^— ia 

•38. What is the choroid f By what is its outer and inner sorfhoe eofMwl f 
What is Its office f What is the opinion of some philosoplierM with regard te 
the choroid f 6S9. Wh it is the sclerotica f From what does it derive its Bams t 
What is its office f What are attached to the sclerotioN f 640. What to the 
optic nerve i 641. What is stnted, in No. 641, with regard to tlie ropresenta 
tions on the retina of the imsfes of all oMects seea by the eye ! 64S. Bxplall 
Fif . 106. • 
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one another in their passage, through the crystaDine lens <(, by 
which thej are made to converge on the retina, where they form 
the inreried * image, / s. 

643. The convexity of the crystalline hamor is increased or 
diailnished by means of two muscle s, to which it is attached. By 
this means the focus of the rays which pass through it, constantly 
&ilfl on the retina ; and an equally distinct image is formed, both 
of distant objects and those which are near. 

644. A single microscope consists simply of a convex 
lens, commonly called a magnifying glass ; in the focus 
of which the object is placed, and through which it is 
▼iewed. 

645. By means of a microscope the rays of light from an object 
tie caused to diverge less ; so that when they enter the pupil ol the 
eye, thev fidi parallel on the crystalline lens, by which they are 
lefracied to a focus on the retina. 

646. Fig. 110 represents a convex lens, or single microscope, C P. 
The diverging rays from the object A B are refracted in their pai- 

Fig.UO. 




nge through the lens C P, (See second law of Dioptrics under JVb. 
w3,) and made to fall parallel on the crystalline lens, by which 
they are refracted to a focus on the retina R R; and the image is 
thus magnified, because tlie divergent rays are collected by the 
lens and carried to the retina. 

* Althongh the Image Is inrerted on the retina, we see objects erect^ became 
ill tte tniagee, fbrmed on the retina have the same relative position which the 
ol^ecte themselves have ; and as the rays all cross each other, the eye is directed 
apwardu, to receive the rays which proceed from the upper part of an object, 
aid downwards, to receire those which proceefl flrom the lower part. 

A diattnet ima^e is also Tonned on the retina of each eye *, but an the optie 
Benrea of the two eyes unite, or cross each other before they reach the brain, 
ths Impresaions received by the two nerves are united, so that only one idea it 
•idced, and okt^ects are seen single. Although an object may be distinctly seen 
with only one eye, it has been calculated that the use of both eyes makes a 
dilArence of about one twelfth. From the description now giren of the eye, it 

Jfote, Why do the objects appear erect when the images are inverted ? Why 
do we aee ouly one image, when an Image is formed on both eyes ? 643. Uy 
wluU to the convexity of the crystalline humor increased or diminished i What 
ii eflteted by this means f 644. What is a single microscoj>e ? 646. What Is 
the oae of this microscope ? 646. What figure represaau a microscope i ^- 
ylaln the 4fQre f 
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647. Those lenset or microicopefl which have the shortest focoi, 
have the g^reatest ma^ifying power; and those which are the moit 
bulging or convex, have the shortest focus. Lenses are made stmll 
because a reduction in size is necessary to an increase of curvature. 

648. A double microscope consists of two convex 
lenses, by one of which a magnified image is formed, 
and by the other this image is carried to the retina of 

he eye. 

649. Fig. Ill represents the effbct produced by the lenses of i 
double microscope. The rays which diverge from the object A fi 
are collected by the lens L M, (called the object glass, because itii 
nearest to the object,} and form an inverted magnified image at C D. 




The rays which diverge from this imn^ ore collected by the lens, 
N O, (called the eye glass, because it is nearest to the eye,) which 
acts on the principle of the single microscope, and forms a still 
more magnified image on the retina R R. 

650. The solar microscope, is a microscope with a 

may he seen what are the defects which are remedied by the oae of concave 
aocl convex lenaefi ; and how the use of these lenses remedies them. When 
the crystalline humor of the eye is too ronnd, the rays of light, which enter tlM 
•ye, are converi^ed to a focus be/ore they reach the retina, and, therefore, the 
Image will not be distinct ; and when the crystalline humor is too ^o/, (as is 
often the comc with old persons,) the rays will not be cooverged on the retina, 
bat tend to a point beyond it. A convex glass, by assisting the convergency 
of the crystalline lens, brings the rays to a focus on the retina, and prodnoei 
distinct vision. 

The eye is also subject to imperfection by reason of the humors losing their 
transparency, either by age or disease. For these imperfections no glasses offiff 
a remedy without the' aid of surgical skill. The operation of coudiinf and 
removing cataracts iVom the eye consists in making a puncture or incisios 
through which the diseased part may escape. Its oflice Is then supplied by s 
lens. If, however, the operator, by accident or want of skill, permit the vftre- 
ous humor to escape, the globe of the eye immediately diminishes in aiae, and 
total blindness is the inevitable result. 



Jfote. What are the defects which are remedied by the use of concave and 
convex lenses? In what other way is the eye subject to imperfection ? Is 
there any remedy for this f 647. What lenses have the greatest masnifyins 
power f What lenses have the shortest focus ? 648. Of what does a double 
microscope consist i What is the nse of these two lenses f 649. What does 
Fig. Ill represent f Explain the flgore. 650. What is the solar mlcnMsope? 
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aiirror attached to it, upon a moyable joint, which can 
be 80 adjusted as to receive the sun's rays and reflect 
tbem upon the object. It consists of a tube, a mirror 
or looking glass, and two convex lenses. The sun's 
mjs are reflected by the mirror through the tube upon 
the object ; the image of which is thrown upon a white 
screen, placed at a distance to receive it. 

651. The microscope, as above described, is used for viewing 
tnnsparent objects only. When opaque objects are to be viewed, 
I mirror is used to reflect the lifrht on the side of the object ; the 
image is then formed by light reflected from the object, instead of 
being transmitted through it. 

6S^. The magnifying power of a single microscope is ascertained 
>j diyidingr the least distance, at which an object can be distinctly 
iMn by. the naked eye, by the focal distance of the lens. This, in 
MMumon eyes, is about 7 inches. Thus, if the focal distance of a 
ens be only the | of an inch, then the diameter of an object will 
)e magnified 28 times, (because 7, divided by ^ is the same as 
neltipiying 7 by 4,) and the surface will be magnified 784 times. 

653. The magnifying power of the compound microscope is 
Iband in a similar manner, by ascertaining tlie magnifying power 
lust of one lens, and then of the other. 

654. The magnifying power of the solar microscope is in proper^ 
lion as the distance of the image, from the object glass, is greater 
khan that of the object itself from it Thus, if the distance of the 
object from the object glass be ^ of an inch, and the distance of 
the image, or picture, on the screen, be ten feet, or 120 inches, the 
object will be magnified in length 480 times, or, in surface, 230,000 
times.* 

655. The magic lantern is an instrument constructed 
on the principle of the solar microscope, but the light 
is supplied by a lamp instead of the sun. 

656. The objects to be viewed by the magrtc lantern are generally 
painted with transparent colors, on glass slides, which are received 
into an opening in the front of the lantern. The light from the lamp, 
ia the lantern, passes through them, and carries the pictures, paint- 
ed on the slides, through the lenses, by means of which a magnified 

* A lens may be caused to magnify or to diminish an object. If the ol^ect be 
ptaeed at a distance from the focus of a lens, and the image be formed in or near 
Ha Ibeua, the Image will be diminished ; but if the object be placed near the 
the image will be magnified. 



Of what does it consist f By what, in this microscope, are the sun^s rays re 
loeted, and upon what I 651. For viewing what objects, only, is the miscro. 
Kope, above described, used f How do those microscopes used for viewing 
Dpaque objects, diflTer fi*om thei<e? How is the image then formed f 652. How 
k die magnifying power of a single microscope ascerrained ? Illustrate this. 
S68. How is the magnifying power of the compound microscope ascertained f 
S54. Id what proportion is the magnifying power of the solar microscope f U 
Inetrate this. Note. How may a lens be made to magniiy or diminish an ob- 
leci f 666. What is the magic lantern h 
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658. A telescope ia an inatrumeDt for viewiag distant 
objects. 

659. There are (wo kinds of telescopes, namely, the 
refracting telescope and the reflecting telescope. 

660. A refracting telescope is one in which the object 
itself ia viewed, through the medium of a number (rf 
lenses. 

661. A reflecting telescope is one in which the image 
of the abject is reflected from a concave mirror, within 
the tube of the telescope, and viewed through a number 
of lenses. * 

6C3. There are two kinds of refracting tf!eBCop*a, called the a» 
tUMlomical telescope, or night glass, and tbe terrestrial leleaeope, a 
•Tbslnwf" cf 'I" 
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day griam.* In the former, or night glass, ihere are but two lenies 
or glasses, but the object is viewed in an inverted position. As the 
Iplass is used principally for viewing the heavenly bodies, the inver- 
sion of the ima^ produces no inconvenience. In the latter, or da/ 
l^lassy two additional lenses are introduced to give the image its 
natural position. 

663. Fig. 1 13 represents a night glass, or astronomical telescope. 
It consists of a tube, A B C D, containing two glasses, or lenses. 
The lens, A B, having a longer focus, forms the object glass ; the 
other lens, D C, is the eye glass. The rays from a very distant body, 
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as a star, and which may be considered parallel to each other, are 
refracted by the object glass A B to a focus at K. The image is then 
Been through the eye glass D C, magnified as many times as the 
focal length of the eye glass is contained in the focal length of the 
object glass. Thus,* if the focal length of the eye glass, D C, be 
contained 100 times in that of the object glass, A B, Uie star will be 
seen magnified 100 times. It will be seen by the figure, that the im- 
affe is Inverted ; for the ray M A, afler refraction, will be seen in 
the direction C O, and the ray N B, in the direction D P. 

664. Fig. 114 represents a day ^lass or terrestrial telescope, com- 
monly called a spy glass. This, likewise, consists of a tube, A B 
H G, containing four lenses, or glasses, namely, A B, C D, E F, 
and G H. The lens A B is the object glass, and G H, the eye glass. 
The two additional eye gUsses, £ F and C I), are of the same size 

Fig. 114. 
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and shape, and placed at equal distances from each other, in snoh a 
manner that the focus of^ the one meets that of the next lens. 
These two eye glasses, E F and C D, are introduced for the purpose 
of collecting the ra^s proceeding from the inverted ima^re M N, 
into a new upright image, between G H and E F, and the image b 

*Ck>me glasses or televcopes are marked " Night and Day.'* These have four 
two of which can be removed when the heaveuly bodies are viewed. 



What are they f How do ihev dlSer the one from the other ? 663. 
What does flgure 113 represent i Explain the figure. 664. What does figure 
1 14 represent f Explain the figure. 
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667. That part of the 
to colors ia called Chromatics. 

GG8. Cr>!oii< do not exist in the hoJk 
by (lie peculiar manner in which the light ti 
■urfaoes. [See JVo. r~ ' 

GB9. Light is composed of rays 
which may be separated by a prism.* 

670. A prinm is a solid triangulftlQ 
piece of highly polished glass, | 
inches long, t [See Fig. 116.] 

t A prlrim may bn mbdenr i}ir« pieces Dfpliile g1a»,ln 
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671. The colors which enter into the composition of 
Ughl are seven, * namely, red, orange, yelfow, green, 
blue, indiso, and violet. Each of these have different 
degrees of refrangihility. t 

672. When light is made to pass through a prism, the 
difierent colored rays are separated, and form an image 
on a screen or wall, in which the colors will be arranged 
in the order in which they are enumerated in No. 67 1 . 

673. Illustration. Fig. 1 16 represents rays of light passing from 
the aperture, in a window-shutter, A B, through the prism P. In- 
stead of continuing in a straight course to £, and there forming an 
image, they will be refracted, in their passage through the pnsm, 
and form an ima^ on the screen, C D. But as the different color- 
ed rays have dinerent degrees of refrangihility, (Ses No, 590,^ or, 
in other words, suffer difierent degrees of refraction, those which 
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are refracted the least will fall apon the lowest part of the screen, 
and those which are refracted the most will fall upon the liighest 
part. The red rays, therefore, suffering the smallest degree of re- 
fraction, fall on the lowest part of the screen, and the remaining 
colors are arranged in the order of their refraction. X 

* These colors hare been reduced to three. 

t Note. See note to No. 590, page 118. 

X It Is supposed, that the red rays are refVucted the least, on account of tbeir 
greater momentum, and that the blue, indigo, and violet are refiracted tlie most. 
Because they have the least momentum. The same reason, it is supposed, will 
•econat fbr the red appearance or the sun, through a Tog, or at rising and setting. 
The increased quantity or the atmosphere, which the oblique rays must tray- 
crse, and its being loaded with mists and vapors, which are usually formed at 
those times, prevents the other rays flrom reaching us. 

A similar reason will account for the blue appearance of the sky. As these 
rays have less momentum, they cannot traverse the atmosphere so readily as 
1 I ■ 

671. How many colors enter Into the composition of light i What are they f 
Do these rays all have the same degree of refrangibility f 672. What takes placo 
when light is made to pass through a prism i 673. Explain flsure 116. Why do 
die red rays fall on the lowest part of the screen f Note. What is supposed 
with reyard to the red rays t What with regard to the blue, indigo, and violet 
rays ? Why does the sua appear red through a fog f Why docji the sky appeir 
of a blue color i 

12 
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674> If the colored rays, which have been separated hy a prism, 
fall upon a conyez lens, they will conyerge to a focus, and appeaif 
white. Hence^ it appears, that white is not a simple color, but is 
produced by the union of several colors. 

675. The spectrum, formed by a glass prism, being divided into 
960 parts, it is found, that the red occupies 45 of those parts, the 
orange 27, the yellow 48, the green 60, the blue (K), the indigo 40, 
and the violet 80. By mixing the seven primitive colors in these 
proportions, a white is obtained ; but, on account of the impurity 
of all colors, it will be of a din^y hue. If the colors were more 
clearly and accurately defined, tne white, thus obtained, would ap- 
pear more pure also. An experiment to prove what has just been 
■aid may be thus performed. Take a circular piece of board, or 
card, and divide it into parts, by lines drawn from the centre' to the 
eircumference. Then, having painted the seven colors in the pro- 
portions above named, cause the board to revolve rapidly around a 
pin or wire at the centre. The board will then appear of a white 
color. From this, it is inferred^ that the whiteness of the sun*s light 
arises from a due mixture of all the primary colors. 

676. The colors of all bodies are either the simple colors, as re- 
firacted by the prism, or such compound colors as arise Gcom a mix- 
ture of two or more of them.* 

677. The rainbow is produced by the refraction of 
the sun's rays in their passage through a shower of rain; 
each drop of which acts as a prism in separating the 
colored rays, as they pass through it. 

678. This is proved by the following considerations. Firsts A 
rainbow is never seen except when rain is falling, and the sun shin- 
ing at the same time ; and that the sun and the bow are always in 
opposite parts of the heavens ; a.nd^ secondly ^ that the same appear- 
ance may be produced artificiaNy, bv means of water thrown into 
the air, when the spectator is placed in a proper position, with his 
back to the sun ; and, thirdtyf that a similar bow is generally pro- 
duced by the spray which arises from large cataracts, or waterfalls, 
such, for instance, aa the Falls of Niagara. 

679. The color of all bodies depends upon the rays 
which they reflect. 

Che othw rays, and they are, therefore, reflected baek to oar eyes by the atmos- 

eere. If the atmosphere did not reflect any rays the skies would appear per^ 
!tly black. 

* From the experiments of Dr. Wollaston, it appears' that the seven colors 
(brroed by the prism, may be reduced to four, namely, red, green, blue, and 
violet ; and that the other colors are produced by combinations of thne. (5ee 
note to No. 671.) 

What would be the appearance of the sky If the atmosphere did not reflect 
sny rays f 674. Is white a simple coh)r ? How is it produced f 675. The speo 
Irum formed by a prism, being divided into 360 parts, how many of these parts 
does the red occupy ? The orange ? The yellow ? The green ? The blue f 
The indigo f Tho violet f 676. What are the colors of all bodies f Note, 
What appears (\rom the experiments of Dr. Wollaston? 677. How is the rain- 
bow produced i 678. How is this proved ? First f Second f Third i 679 
Up<m what does the color of all bodies depend { 
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680. Some bodies absorb all the rays which they receive except 
the red rays. These bodies, therefore, appear or a red color, — 
•ome reflect the green, and absorb all the others, — these will ap- 
pear of a green color ; and, in general, bodies appear of the color 
of those rays which they reflect, while they absorb all the other 
rays. Sometimes a body reflects a portion of the rays of several 
colOTS. The body will then appear of a compound cofor, composed 
of the various colors which it reflects. When a body reflects all 
the rays, it appears white j — when it absorbs all the rays, it appears 
black. White, then, is a mixture of all the primitive colors, and 
black ie the deprivation of all color. 

681. From what has now been said, it appears, that no body has a 
permanent or intrinsic color of its own, — but that color, as well as 
weight, are accidental, and not essential properties. {See Jfo. 23, 
page 7.) All substances appear of the same color, or rather, more 
properly speaking, are deprived of all color, in the daik. Light, 
irom whatever source it proceeds, is of the same nature, composea 
of the various colored rays ; and although some substances appear 
difl&rently by candle-light, from what they appear by day, this result 
uuij be supposed to anse from the weakness or want of purity in 
artificial light. 

682. There can be no light without colors, and there can be no 
colors without lighL 

683. That the above remarks, in relation to the colors of bodies, 
are true, may be proved by the following simple experiment. Place 
a colored body in a dark room, in a ray of licrhtthat has been refrae- 
ted by a prism ; the body, of whatever color it naturally is, will 
appear of the color of the ray in which it is placed ; for, since it 
receives no other colored rays, it can reflect no others. * 

684. A multiplying glass is a convex lens, one side 
of which is ground down into several flat surfaces. 

* Although bodies, from the arranfement of their partirles, have a tendency 
to absorb some rays, and reflect others, they are not so uniform in their arrange 
meat as to reflect only pure rays of one color, and perfectly absorb all others } 
it is foood, on the contrary, that a l>ody reflects, in great abundance, the rays 
which determine its color, and the others, in a greater or less degree, in propov- 
tioa as they are nearer or further from its color, in the order of refVangibility. 
Thm, the green leaves of a rose -will reflect a fbw of the red rays, which will 
give them a brown tinge. Deepness, or darlvness of color, proceeds from a defl^ 
deacy rather than from an abundance of reflected rays. Thus, if a hody reflect 
only s few of the green rays, it will appear of a dark green. The brightness 
ana intensity of a color shows that a great quantity of rays are reflected. That 
1»odies sometimes change their color, is owing to some rhemiCHl change, which 
takss place in the internal arrangement of their parts, whereby they loifie their 
tendency to reflect certain colors, and acquire the power of reflecting others. 

680. Of what color do bodies generally appear f When will a body appear 
of a compound color i Of what color will a body appear that reflects all the 
rays.' Wlien will a body appear black ? 681. Is color an essential property 
of a body ? Of what color do bodies appear in the dark f Why do some bo<Iie8 
appear diflbrently by C4indle-light f 682. What is necessary to produce color f 
What experiments are related to prove the truth of the above f Note. What 
rays does a body reflect in the greatest aY)undance ? In what proportion does it 
reflect the other rays f Why do the green leaves of a rose appear to ha ve a brown 
tinae ? What does the brightness and intensity of a color show i Why do some 
Domes chance their color f 684. What is a multiplying glass f 
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685. When an object is vie wed thmu^ a mnlti plying glaaa, ft 
will be multiplied as many times as there are flat surfaces on the 
lens. Thus, if one lighted candle be viewed through a lens, having 
twelve flat surfaces, twelve candles will be seen through the lens. 
The principle of the multiplying glass is the same with that of a 
convex or concave lens. 

686. The Kaleidoscope* consists of two reflecting 
surfaces, or pieces of looking-glass, inclined to each 

' other at an angle of 60 degrees, and placed between the 
eye and the objects intended to form the picture. 

687. The two plates are enclosed in a tin or paper tube, and the 
objects, consisting of pieces of colored glass, beads, or other hijghlj 
colored fragments, are loosely confined between two circular pieces 
of common fflass, the outer one of which is slightly ground, to 
make the light uniform. On looking down the tube through a small 
eperture, and where the ends of the glass plates nearly meet, a 
beautiful figure will be seen, having six angles, the reflectors being 
inclined the sixth part of a circle. If inclined the twelfth part, or 
twentieth part of a circle, twelve or twenty angles will be seen. 
By turning the tube so as to alter the position or the colored frag- 
ments within, these beautiful forms will be changed ; by which an 
almost infinite variety of patterns may be produced. 



j SECTION XVI. 

EkctricUy. 

688. The word Electricity f is a term used by philos- 
ophers to signify the operations of a very subtile and 
elastic fluid, which pervades the material world. £lec- 

*The word Kaleidescope is derived from the Greek languace, ftnd means^ 
**The tight of a beautiful form." The instrument was invented by Dr. Brew 
Iter, of Edinburgh, a few years ago. 

t This word is derived firom a Greek word, which signifies amber, becanae Ihia 
■abstance was supposed to possess, in a remarkable degree, the property of pro- 
ducing the fluid, when excited or rubbed. The property itself was first diacov- 
ered by Thaies, of Miletus, one of the seven wise men of Greece. The word it 
now used to express both the fluid itself, and the science which treats of it. 

The nature of electricity is entirely unknown. Some pbilosophera consider 

685. How many times will an object, viewed through a multiplying f laaa, be 
multiplied f What is the principle of the multiplying glass f 686. Of what 
does the kaleidescope consist r ffote. From what is the word kaleidescope de- 
rived, and what does it mean ? By whom was the inKtrument invented i 687. 
What is here said with regard to the kaleidescope f 688. What is eleetrieUy f 
What is stated in the note with regard to the word electricity i By wkom wan 
this property first discovered f 
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tricitj can be seen only in its effects; which are exhibited 
in the form of attraction and repulsion. 

689. If a piece of amber, or sealing-wax, or a piece of smooth glass, 
perfectly ctean and dry, be briskly rubbed with a dry woollen cloth, 
and immediately afterwards be held over small and light bodies, 
Rich as pieces of paper, thread, cork, straw, feathers, or fragments 
of gold leaf, strewed upon a table, these bodies will be attracted, 
iniTfly towards the surface that has been rubbed, and adhere to it 
ibr a certain time The surfaces that have acquired this power of 
attraction are said to be excited ; and the substances thus suscepti- 
ble of beingr excited are called electrics, while those which cannot 
be excited in a similar manner are called non-electrics. 

690. The science of electricity, therefore, divides all 
substances into two kinds ; namely, EUcirxca^ or those 
substances which can be excited, and ^on^lech'icSf or 
those substances which cannot be excited. 

691. The electric fluid is readily communicated from 
one substance to another. Some substances, however, 
will not allow it to pass through them, while others give 
it a free passage. Those substances, through which it 
passes without obstruction, are called condwiors ; while 
those through which it cannot readily pass are called 
non-conduclors ; and it is found, by experiment, that all 
electrics are non-condtictors, and all non-electrics are good 
conductors of electricity. 

692. The following substances are electrics^ or non-conductora of 
electricity ; namely, 

Atmospheric air, (when dry,) Feathers, 

Glass, Amber, 

it a flald ; others consider it as two fluids of opposite qualities ; and others agata 
deey Its materiality, and deem it, like attraction, a mere property of matter. In 
thiM Tolume the opinion of Dr. Frauklin is adopted, who supposed it to be a 
tinffe fluid, disposed to difluseitself equally among all substances ; and exhibit- 
iog its |NM:uliar eflTecta only when a body by any means becomes possessed ot 
more or less than its proper share. That when any substance has more than its 
nataral share, it is said to be pontively electrified, and that when it has less than 
Its oataral share, it is said to be negatively electrified, — that potilive electri- 
fy implies a redundancy, and negative electricity a deficiency of the fluid. 

Not*. What is stated with regard to the nature of electricity I Whose and 
^sfkat opinion is adopte<l in this volume ? When is a subi*tance said to be post- 
ttveJy electrified f When is it said to be negati\'ely electrified ? What dues post- 
tire electricity imply ? What does negative electricity imply ? How can elec- 
tricity be seen ? 689. How nre these eflTects exhibited ? What illustration of 
tlila te glTeii i What is said of the surfaces which have acquired the power oT 
attraction ? What are electrics i What nre non-electrics ? 690. Into how 
iMUiy kinds does the science of electricity divide all subMtances .' What are tbeyf 
€81. What is said with regard to the communication of the electric fluid (turn 
Mie substance to another ? Will all substances allow it to pass through them f 
What bodies are calle<t conductors ? What bodies are called non-conductors f 
WiMt has been found, by experiment, with regard to electrics and non-electrics * 
9UL Wlut substances are electrics or non-conductora f 

12* 
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Diamond, Sulphar, 

All precious stones, Silk, 

AH gums and resins. Wool, 

The oxides of all metals, Hair, 

Bees- wax. Paper, 

Sealing-wax, Cotton. 

All these substances most be dry, or they will become more Of 
less conductors. 

693. The following substances are non-electrics, or conducton 
of electricity ; namely, 

AH metals, Living animals, 

Charcoal, Vapor, or steam. 

694. The foHowing are imperfect conductors, (that is, they ocn- 
dnct the electric fluid, but not so readily as the substances aboTe 
mentioned,) namely. 

Water, Common wood. 

Green vegetables, Dead animals. 

Damp air. Bone, 

Wet wood, Horn, &e. 
All substances containing moisture, 

695. When a conductor, that is, a substance which 
ean conduct electricity, is on all sides surrounded bj 
non-conducting substances, it is said to be insulated. 

696. As glass is a non-conducting substance, any conducting 
substance surrounded with glass, or standing on a table or stocH, 
withglass legs, will be insulated. 

697. As the air is a non-conductor, when dry, a substance which 
rests on any non-conducting substance will l>e insulated, unless it 
communicate with the ground, the floor, a table, &c. 

698. When a communication is made between a 
conductor and an excited surface, (See JVb. 689,) the 
electricity from the excited surface is immediately con- 
veyed by the conductor to the ground ;* but if the con- 
ductor be insulated, its whole surface will become elec- 
trified, and it is said to be charged. 

* The etirth may be considered an the principal re«enroir of electridty ; cad 
when a communication exists, by means of any conducting substance, between 
a body containing more than its natuml sharv of tlie fluid, and tlie earfh, the 
body will immediately lose its redundant quantity, and the fluid will escape to 
the earth. Thus, when a. person holds a metallic tube to an exeited surlhoe, 
the electricity escapes fVom the surface to the tube and passes firom the tube 
through the person (as living animals are good conductors) to the floor ; and dM 



Why must these substances be dry ? 693. What substances are aoa-eleetrlai 
or conductors f 694. What subitaiices are mentioned as imperfect ooaduetors f 
•86. When is a substance said to be insulated f 698. When a commMiieatiott 
is made between a conductor and an excited surface, where Is the eleetrbdty 
from the excited subtttHuce conveyed i When is it said to be charged ? i^ete. 
When a communication exists by means of any conducting substance, between 
a body containing more than its natural share of the fluid and the earth, whU 
will become of the redundant quantity which the body poaaesasa f Wtet illa»> 
tratioo of this is given ' 
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699. The principal mode of exciting electricity is bj 
friction. 

700. Thas, if a thick cylinder of sealing-wax, or sulphur, or a 

Slass tube * be rubbed with a silk handkerchief, a piece of dean 
annel, or the fur of a quadruped, the electric fluid will be excited 
and may be comnounicated to other substances, from the eleetrie 
thus excited. The electricity excited in glass is called the vitrttnu 
or positive electricity ; and that obtained from sealing-wax, or other 
resinoini substances, is called resinous or negative electricity. 

701. The vitreous and resinous, or, in other words, 
the positive and negative electricities, always accompa- 
ny each other ; for if any surface become positive, the 
surface with which it is rubbed will become negative ; 
and if any surface be made positive, the nearest con- 
ducting surface will become negative. And if positive 
electricity be communicated to one side of an eleciricf 
(as a pane of glass, or a glass phial,) the opposite side 
will become negatively electrified, and the plate or the 
glass is then said to be charged. 

702. When one side of a metallic, or other conductor, receives the 
electric fluid, its whole surface is instantly pervaded ; but when an 
electric is presented to an electrified body, it becomes electrified in 
a small spot only. 

703. When two surfaces oppositely electrified are united, their 
powers are destroyed ; and if^ their union be made through the 
numan body, it produces an affection of the nerves, called an elec- 
tric shock. 

704. The Leyden jar is a glass vessel used for the 



being eonneeted with the earth by conducting subgtances, such ai the 
Unbera, &c, which support the building, the electricity will finally pass off by 
• r^ular succeMsion of conducting substances, from the excited surface to the 
earth. But if the chain of conducting substances be interrupted. — that is, if 
aay non-conducting nulratance occur lietween the excited surihceand the course 
which the fluid talccs in its progress to the earth, the conducting substances will 
be iasalated, and become charged with electricity. Thus, if an excited surfhce 
be eonneeted by a long chain to a metallic tube, and the metallic tube be held 
by a person who Is standing on a stool with glass legs, or on a cake of sealing* 
wax, resin, or any other non-conducting substance, the electricity cannot pass 
te the ground, and the person, the chain and the tube will all become electrified. 
* Whatever substance is used, it must be perfectly dry. If, therefore, a glass 
tube be used, it should previously be held to the flre, and gently warmed, in 
to remove tA\ moisture flrom its surfhce. 



JTols. What follows if this chain of conducting substances be interrupted f 
"). What Is the principal mode of exciting electricity f 700. What illustration 
^ Ibis Is given ? What is the electricity excited in glass called f What is that 
obtained firom resinous substances called ? 701. What is stated in No. 701 with 
ragarri to positive and negative electricity f 702. What follows when one side 
or a metallic, or other conductor, receives the electric fluid ? What follows 
ynhen an electric is presented to an electrified body f 703. What follows when 
two sorlbMs, oppositely electrified, are united f 704. For what is the Leydea 
Jsrasodf 
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fiarposa of accumulaliog the electric fluid, procuTed 
rom excited aurfaces. 

70S. Fi^. 117 repTercaU ■ Lcyden jar. II ia « pw 117 

E'ln vessel, or piiial, coated both on the inside snd 
e outside with tin Toil. It ia provided with > cork 
or wooden stopper throusli which a metallic rod 
Mwes, leriiiinating in a brass knob or ball at the 

end, with the inaide coating of the jar. The coat- 
ing extends buth on the inaide and outside onl; to 

per. Thus prepared, when an excited surface u 
applied la Uie brass knob, or connected with it bj 
means of a chain or any conducting enrrace. it part* 
with its electricit;, and the fluid enters the jar, 
which ia then aaid to be charged. 

When the Leaden jai is charged, the flnid ii 
eODtuned in the inside coating nf tlie phial ; and u 
this coating is insulated, tht- fluid will remain in 

■□me conducting substance, between the inside and 
the outside of tlic Jar. If then a person apply one hand or EnRr 
to the brass knob, and the other lu the outside coating of the jar, 
a communication will be formed by means of the brass knob with 
the inside and outside of the jnr, and the jar will be diachaiged. A 
phial or jar that is insulated cannot be charged. 

706. An electrical batterj is composed of a number 
of Leyden jars connected together. 

707. The inner coatings of the jira ate connected tog;ether hj 
chaiaa or metallic bars attached to [he brass knobs of each jar ; and 
the outer coatings have a similar connexion established bv placing 
the phiala on a sheet of tin fo.l. The whole oattery may then be 
charged like a single phial, or jar. For the sake of eonvenienee in 
discharging tlie battery, a knob, connected with the tin foil on 
which llie jars stand, projects from the bottom of the box which 
contains the jars. 

708. The jnttUed discharger ia an instrumeiit used lo 
discharge ajar, or battery. 



700. Illvslratiort. Fig. 118 represents the jointed discharger, 
consists of two rods, generally of brass, lerminatinff at one en 
brass halls, and connected together at the other end li 
~ a pair of tongs, allowing them 



It 



joint, like 
It ol a pair of tongs, allowing them to be opened ot closed. It 
flirniah^d with a glass handle, to secure the person who holds it 



srl MS. WHalUwaPl^llan 



iRipoHtl ' 701. How sr* 
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ftom the effects of a shock. When V1i> lit. 

opened one of the halls is made to 

tonch the outside coating of the 

jar, or the knob connected with the 

bottom of the battery, and the other 

is quickly vpplied to the knob of 

the jar, or jars. A communication 

being thus formed, between the 

inside and the outside of the jar, a 

discharge of the fluid will be pro- 

doeed. 

710. When a charge of electricity is to be sent through any par 
tkmlar substanoe, the substance must form a part of the dreuil of 
As deetridtyt as it is termed ; that is, it must be placed in such a 

that the fluid cannot pass from the inside to the outside 
of the jar, or battery, without passing through the substance 
is Ha passage. 

711. If the balls be removed from the jointed discharger, and the 
two rods terminate in sharp points, the electricity will pass off 
■lently and produce but little eflfect. 

712. Metallic rods, with sharp points, silently attract 
the electric fluid. 

713. A Leyden jar, or a battery, may be silently discharged by 
holding the finest needle in the hand towards the knob. It is on 
this principle that lightning-rods are constructed. The electric 
fluid IS silently drawn from the cloud by the sharp {)oints on the 
rods, and is thus preyented from suddenly exploding on high build- 
ings. 

714. Electricity, of one kind or the other, is generally indtieed 
in surrounding bodies by the mdniti/ of a highly-excited electric 
This mode ofconmiunicating electiicity ly approach, is styled ti»- 
duetion. 

715. Any body, on approaching another body, powerfully electrip 
fied, will be thrown into a contrary state of electricity. Thus, a 
feaUier, brought near to a glass tube excited by friction, is attracted 
by it ; and, therefore, previously to its touching the tube, negative 
electricity must have been induced in it. On the contrary, if a 
feather be brought near to excited sealing-wax, it will be attracted, 
and, consequently, positive electricity must have been induced in 
it before contact. 

716. When electricity is communicated from one body to another 
m contact with it, it is called electricity by transfer. 

in. The electrical machine is a machine construct- 
ed (or the purpose of accumulating or collecting elec- 
tricity, and transferring it to other substances. 

710. What Is necetwary when a charge of electricity is to be sent throofh any 
partieolar substance f 711. How can the electricity be made to pass offsllent- 
hr f 712. In what way do metallic rods, with sliarp points, attract the electric 
waid f 713. Upon what principle are lightning-rwis constructed f 714 Whan 
la dectrieity said to be communicated by induction .' 716. When by tranaltar * 
T17. For wiiat purpose is the electrical machine constructed i 



tm 
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718. Eleetrical machines are made in varioas forma, but all oa 
the same principle, namely, the attraction of metallic points. The 
electricity is excited by the friction of silk on a glass surface, 
assisted by a mixture or preparation called an amalgam.* The 
glass surface is made either in the form of a cylinder or a circular 
plate, and the machine itself is called a cylinder or a plate machine, 
according as it is made with a cylinder or a plate, \ 

719. Fiff. 119 represents a plate electrical machine. A D is ths 
stand of Die machine, L L L L are the four glass legs, or posts 
which support and insulate the parts of the machine. P is the 
glass plate, (which in some machines is a hollow cylinder,) from 
which the electricity is excited, and H is the handle by which the 
plate (or cylinder) is turned. R is a leather cushion, or rubber, hold 
closely to both sides of the glass plate by a brass clasp, supported by 
the post G L, which is called the rubber post. 8 is a silk bag,t em« 
braced by the same clasp that holds the leather cushion or rubber ; 
and it is connected by strings S S S attached to its three other cornen, 



Fig. 119. 




to the legs L L and the fork F of the prime conductor. C is the 
mime conductor, terminating at one end with a movable brass ball, 
B, and at the other by the fork F, which has one prong on each 

* The amalgam is compoeed of mercury, tin, and zinc. That recommended 
by Biiiger, is made by melting togetlier one ounce of tin and two ounces of sine, 
which are to be mixed, while duid, with six ounces of mercury* and agitated ia 
an iron, or thick wooden box, until cold. It is then to he reduced to a very 
flue powder in a mortar, and mixed with a sulficient quantity of lard to form it 
Into a paste. 

t The electrical machine described in Fig. 119 is a plate machine, and an 
exact representation of the one belonging to *' The Boston School Set.'* For oos 
of its si7«, it is a machine of very great power, and, together with the other 
implements belonging to the same set, was constructed by Messrs. A. A D. 
Davis, of this city. It is entirely insulated, so that either positive or n^gatlvs 
electricity may be obtained firom it. 

I In cylindrical machines this silk bag is called ^*^thejlapj* 



Upon what principle are all electrical machines constructed .' IIow b 
electricity excite*! t Uf what is the amalgam coinpoved .' In what form is ihs 

f;lass surface made i When is the machine called a plate machine i When is 
t called a cylinder machine f What does Fig. 119 represent? Explain tlM 
flgore. 
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(dde c^the glass plate. On each prong of the fork there are several 
sharp points projecting towards tlie plate, to collect the electricity 
{See JVb. 712) as it is generated by the friction of the plate against 
ue raU)er. V is a chain, or wire, attached to the brass ball on the 
rubber post, and resting on the table or the floor, designed to con- 
vey the fluid from the ground to tlie plate. When negative eleo- 
tricity is to be obtained, this chain is removed from the rubber post, 
uid attached to the prime conductor, and tlie electricity is to be 
gathered from the ball on the rubber post 

The operation of the vmchine is asfolloies : By turning the handle 
H the glass plate is pressed by the rubber. The friction of the 
rubber against the glass plate (or cylinder) produces a transfer of 
the electric fluid from the rubber to the plate ; that is, the cushion 
becomes negatively and the glass positively electrified. The fluid 
which thus adheres to the glass, is carried round by the revolution 
of the cylinder; and its escape being prevented by the silk bag, or 
flap, which covers the plate (or cylinder) until it comes to the im- 
mediate vicinity of the metallic points, on the fork F, it is attracted 
by the points, and carried by them to the prime coiiductor. Posi- 
tive electricity is thus accumulated in the prime conductor, while 
the conductor on the rubber post, being deprived of this electricityi 
is negatively electrified. The fluid may then be collected by a 
Ley den jar, from the prime conductor, or conveyed, by means of a 
chain attached to the prime conductor, to any substance which is to 
be electrified, if both of the conductors be insulated, but a small 
portion of the electric fluid can be excited ; for this reason, the chain 
must in all cases be attached to the rubber post, when positive eiectrid^ 
ty is required, and to the prime conductor, when n^ative electricity it 
wanted. 

Experiments with the Electrical Machine. 

720. On the prime conductor of the electrical machine is placed 
the electrometer,* E. It consists of a wooden ball mounted on a 
metallic stick, or wire, having two pith bails, suspended by silk or 
hair. When the machine is worked, the pith balls, beinff repelled, 
fly apart, as is represented in the figure ; and they will continue 
etevated until the electricity is drawn off But if an uninsulated 
condactiDg substance touch the prime conductor, the pith balls will 
&11. The height to which the balls rise, and the quickness with 
wbicii they are elevated, afford some test of the quality of the ma- 
chine. 

721. The balls of the electrometer, when elevated, are attracted 

• Tbe word « eleetrotMttir " means " a tntasurer of electricity.*^ It ia made 
la a variety of forms. It sometimes consists of a single pith ball, attached to a 
If^t rod, in the manner of a pendulum, before a gradua ed arc or circle. An 
eUetroecope is an instrnmeut of more delicate construction, to detect the pres- 
of electricity. 



Explain the operation of the Aiachine. To what must the chain be attached 
when positive electricity is required f To what must it be attached when nega- 
tive electricity is wanted f 720. What is the first experiment, mentioned, with 
the electrical machine ? What does the word electrometer mean .' Of what 
ioM it fiometim« consist f What is aa electroscope f 7S1. What Is the seeoiid 
Bxpcrjment f 
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by an excited piece ofsealinff-wax or resin, and repelled by a pieo^ 
of excited glass. [See JVb. (iS).] 

722. If an electric, or a non-conductor, be presented to the prinfe^ 
conductor, when charged, it will produce no effect on the balls; bc^j 
if a non-electric, or any conducting substance be presented to tb^ 
conductor, tlie balls of the electrometer will fall. This shows that 
the conductor has parted with its electricity, and that the fluid hai 
passed off to the earth through the substance, and the hand of the 
person presenting it. 

723. VVhen the machine is turned, if a person touch the prime 
conductor, the fluid passes off through the person to the floor with- 
out his feeling it. But if he present his finger, his knuckle, or an? 
part of the body, near to the conductor, without touching it, a spaik 
will pass from the conductor to the knuckle, which will produce i 
•ensation similar to the pricking of a pin or needle. 

724. If a person stand on a stool with glass legs,* or any other 
non-conductor, he will be insulated. If in this situation he touch 
the prime conductor, or a chain connected with It, when the ma- 
chine is worked, sparks may be drawn from any part of the body in 
the same manner as from the prime conductor. While the person 
remains insulated, he experiences no sensation from being filled 
with electricity ; or, if a metallic point be presented to any part of 
his body, the fluid may be drawn off silently, without being per- 
ceived. But if he touch a blunt piece of metal, or any other con- 
ducting substance, or if he step from the stool to the floor, he will 
feel the electric shock ; and the shock will vary in force according 
to the quantity of fluid with which he is charged. 

725. The Ley den jar may be charged by presentine it to the 
prime conductor, when the machine is worked. If thelmll of the 
jar touch the prime conductor, it will receive the fluid silently ; 
but if the ball of the jar be held at a small distance from the prime 
conductor, the sparks will be seen darting from the prime conduc- 
tor to the jar with considerable noise. 

726. The jar may in like manner be filled with negative elec- 
tricity, by applying it to the ball on the rubber post, and connecting 
the cnain with the prime conductor. 

727. If the Ley den jar be charged from the prime conductor, (that 
is, with positive electricity,) ana presented to the pith balls of the 
electrometer, they will be repelled ; but if the jar be charged from 
the brass ball of the rubber post, (that is, with negative electricity,) 
they will be attracted. 

728. If the electrometer be removed from the prime conductor, 
and a pointed wire be substituted for it, a wire with sharp points 
bent in the form of an S, resting upon it, will be made to revolve 
rapidly. In a similar manner the motion of the sun and the earth 

* A stool with glass legs belongs to " The Boston School set.** This is tht 
only article belonging to the set, which is not represented in this book by a 
flfure. It was thought needless to represent it. 

722. What is the third f What does this show f 723. What is the fourU t 
T24. What is the fifth i 725. What is the sixth { 726. How may the Jar be flUad 
with Begative electricity ? 727. What is the seveath f 738. What is IM 
•ifhthf 
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mmand their eommon centre of gravity, together with the motion 
of the ttarth and the moon may b^ represented * 

7^. If powdered resin be scattered over dry cotton wool, loosely 
wrapped en one end of the jointed discharger, it may be inflamed 
hj toe discharge of the battery or a Ley den jar. Gunpowder may 
be substituted Tor the resin. 

730. The universal disefiargetf 
represented in Fig. 120, is an in- 
■trament for directing a charge 
of electricity through any sub- 
•tenee, with certainty and pre- 
einon. It consists of two slid- 
ing rods, A B and C D, termi- 
nating at the extremities, A and 
I>y with brass balls, and at the 
other ends, which rest upon the ivory table or stand E, having a 
fotkf to which any small substance may be attached The whole is 
insulated by glastf legs or pillars. The rods slide through collars, 
bj which means their distance from one another may be adjusted. 

731. In using the universal discharger, one of the rods or slides 
must be connected by a chain, or, otherwise, with the outside, and 
the other with the inside coating of the jar or battery. By this 
means the substance through which the charge is to be sent is placed 
within the electric circuit. {Stt JVb. 709.) 

.732. By means of the universal discharger, a piece of a wateh- 
•pring, or any other small metallic substance, rnay be burnt. The 
substance must be placed in the forks of the slides, and the slides 
placed within the electric circuit, in the manner described in the 
last paragraph. In the same manner, by bringing the forks of the 
slides into contact with a substance placed upon the ivory stand of 
the discharger, such as an egg, a piece of a potato, water, &c. it 
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may be illuminated. 

733. The electrical bells, 
represented in Fig. 121, are 
designed to show the effects 
of electrical attraction and 
repulsion. They are thus to 
be applied. The ball B of 
the prime conductor, with its 
rod, is to be unscrewed, and 
the rod on which the bells 
are suspended is to be screw- 
ed in its place. The middle 

* In the electrical department of ** The Boston School Set,*' there Is a bi 
wire in the form (rf* an 9, as altove described, together with bniss ballii, moanted 
on wires, to represent the sun, earth, and moon, revolving around their commcMi 
•entre of gravity. 

729. What is the ninth i 7d0. What figure represevts the universal dis- 
dharger > What is its use i Of what does it consint f 731. What is neceMary 
in nsing the universal discharger i What is efTected by this means f 732. What 
experiments are shown by mentis of the universal dischnrgpr.' Ilovir must the 
substance be placed t 73i3. What figure represents the electrical bells ? What 
•rs they designed to show f How are they to be applied } 

13 
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Ml it to be oonneefed bj a chain, with the table or the floor. WiMn 
the machine is then slowly turned, the balls suspended between the 
belk will be alternately attracted and repelled by the bells, and cause 
m oonstant rinjring. if the battery be chari^ed and connected with 
the prime conductor, the bells will continue to ring until all the fluid 
from the battery has escaped. 

It may be observed, that the fluid from the prime conductor puses 
readily from the two outer bells, which are suspended by chains; 
they, therefore, attract the two balls toward them. The balls be- 
coming electriiied by contact with the outer bells, are repelled by 
^hem and driven to the middle bell, to which they communioaie 
their electricity; having parted with their electricity Uiey are repell- 
ed hy the middle bell, and again attracted by the outer ones, and 
thua the constant ringing » maintained. The fluid which is corn- 
man icated to the middle oell, is conducted to tlie earth by the chain 
attached to it. 

734. Ether, or spirits of wine, may be inflamed by a ■park com* 
municated from a person, in the following manner. The pen»n 
standing on the insulating stool, (that is, the stool with glass legs,) 
receives the electric fluid from the prime conductor, by touching 
the oonductor or any conducting substance in crmtact with it, he 
then inserts the knuckles of his hand in a small quantity of tolphi>> 
tic ether, or spirits pf wine, held in a shallow metallic cup, by 
another person, who is not insulated, and the ether or ^irits imme- 
diately inflames. In this case the fluid passes from the conductor 
to the person who is insulated, and he becomes charged with elee> 
tricity. As soon as he touches the liquid in the cup, the eleetria 
fluid, pasmng from him to the spirit, sets it on fire. 

735. The passage of the electric fluid from one conducting sub* 
to another, is beautifully exhibited by means of a glaaa tube 

Fig. 132. 
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baTing a brass ball at each end, and coated in the inside with tmaU 
pieces of tin foil, placed at small distances from each other in a 
spiral direction, as represented in Fig 1S2. 
This is called the spiral tube. 

In the same manner various figures,^ let- 
tors, and words may be represented, by 
arranging similar pieces of tin foil between 
two pieces of flat fflass. These experi- 
■lents appear more brilliant in a darkened 
loom. 

736. Fig. 123 represents the hydrogen 
eumon or pistol. When filled with hydro- 



Wbat Arther may be obaenred with regard to this Inst ezprrlmeBt f 78St 
ioss FIf . 122 represent f 736. What Uom Fig. 12S represent t 
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oonsiderable rapidity. In order to conduct this experiment sneeess 
folly, the images, du;. must be placed within a short distance of tfaa 
bottom of the stocil. 

73!). The straight receiver, connected with the pneomatiG aet, 
repiesented in Fig. 78, and described in numk>er 877, as is there meik- 
tioned, is a jar coated with parallel strips of tin foil. Let this be 
cUarged, by placing the inside coating in contact with the prime 
conductor, if a number of pith balls be then placed within the 
glass, or the glass be placed over the pith balls, they will bound 
rapidly up and down, and their motions will be repeated, as often ai 
the glass is touched by the hand, until the jar or glass has parted 
with its electricity This experiment may also be performed by a 
plain glAss tumbler. 

740. A hole may be perforated through a quire of paper, by enargi- 
ing the battery, resting the paper upon the brass bail of the battery, 
and making a communication, by means of the jointed discharger, 
between the ball of one of the jars and the brass ball of the &z. 
The paper, in this case, will be t>etween the ball of ihe battery and 
the end of the discharger. 

741. The thunder house, Fig. 126, is designed to show the aeeo- 
rity afforded by lightning rods, when lightning strikes a bailding; 
(Siu Jfo. 712.) This is done by placing 

a highly combustible material m the in- ^* 126. 

■ide of the house, and passing a charge 
of electricity through it. On the floor 
of the house is a surface of tin foil. The 
hvdrogen pistol, (See Fig. 123,) being 
filled with hydrogen gas from the gas- 
ometer, (See Fig. 124,) must be placed 
on the floor of the thunder house, and 
connected with the wire on the opposite 
side. The house being then put togeth- 
er, a chain must be connected witn the 
wire on the side opposite to the lightning 

rod, and placed in contact either with a single Ley den jar or with 
the battery. When the iar, thus situated, is charged, if a connexion 
be formed between the jar and the points of the lightning rod, the 
fluid will pass off* silently, and produce no efl&ct. But if a small 
brass ball be placed on the points of the rod, and a charge of elec- 
tricity be sent to it, from the jar or the battery, the gas in the pistol 
will explode, and throw the parts of the house asunder with a loud 
noise.* 

* The Huccess of this experiment depends upon the proper connexion of tlM 
Jar vvith the lightning rod, and the electrical pivtol. On the side of the iKMiae 
opposite tn the lightning rod there U a wire,. paHsing through the »ide, and tsiw 
ninating on the outctide in a hnoli. When the house is put together, this wirs^ 
in the inside, must touch the tin foil on the floor of the house. The hydrogen 

» 

738. How must the images be placed to conduct the experiment succewftal- 
ly ? 741. What does Fig. 126 repie-ient ? What is it designed to show ? IIow 
b this done f When will the fluids pass otT silently and produce no edhctf 
When wit] there he an explosion and the house be torn asunder* Note. Upon 
what does the success of this exi>eriuient depend ' What Is said in the noct 
with regard to the thunder house i 
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742. If the ball of the prime conductor he remoyed and a pointed 
wire be .pat in its place, the current of electricity flowing from the 
point, wtien the machine in turned, may be perceived by placing a 
uehted lamp before it^ the flame will be blown from the point; and 
this will be the case in what part soever of the machine the point it 
placed, whether on the prime conductor or the rubber; or if the 
poiot be held in the hand and the flame placed between it and the 
machine, thus showing that in all cases the fluid is blown from the 
point. Delicate apparatus may be put in motion by tlie electric fluid 
when issuing from a point. In this way electrical orreries, mills, d^e. 
■re oonstrocted. [See J{o. 727.] 

743. If the electrometer be removed from the prime conductor, 
and a tufl of feathers or hair, fastened to a stick or wire, be put in 
its place, on turning the machine the featiiers or hair will become 
eketrifled, and the separate hairs will rise and repel each other. A 
toy is in this way constructed, representing a person under exces- 
sive fright. On touching the head with the hand, or any conduct- 
ing suMtance, not insulated, the hair will fall. 

744. Gold leaf may be forced into the pores of glass by placing 
it between two slips of window glass, pressing the slips of glass 
firmly toother, and sending a shock from a battery through them. 

745. Ir gold leaf be placed between two cards, and a strong charge 
be passed through them, it will be completely fused. 

746. When electricity enters at a point, it appears in the form of 
a star ; but when it goes out from a point, it puts on the appearance 
of a brush. 

747. Lightning is the rapid motion of yast quantities 
of electric matter, — and thunder is the noise produced 
by the rapid motion of lightning through the air. 

748. The aurora horealisy (or northern lights,^ is supposed to be 
caused by the electric fluid passing through hightv rarefied air ; and 
most of the great convulsions of nature, such as earthquakes, 
whirlwinds, hurricanes, water-spouts, d&c., are generally accompa- 
nied by electricity, and oflen depend upon it. * 

pistol mmt stand cm the tin fbil, and Us insulated knob or wire, projecting froni 
its aide, muxt tm connected with the lower end of the lightning rod, extending 
lata the Inside oT the house. A communication must then t>e made bnetween tlis 
hook en the outside of the house, and the outside of ihe Jar or batterv. This Is 
soBvenlently done by attaching one end of a chain to the hook and (iolding ths 
oUier end In the hand agaiui>t the side of a charge«l Jar. By presenting the knob 
of the Jar tu the points of the lightning md no eifect is produced, but if a brass 
ball be placed oo the points at P, and the knob of the Jar be presented to ths 
ball, the explosion will take place. If the charged Jar be very auddenlv present- 
sd to the points, the explosion may take place *, and the Jar may be silently dls- 
duirgsd if it be brought very slowly to the l>all. 

The thunder house belonging to " The Boston School Set '* is held togethsi 
by magnets, attached to the Inner surface of the sides. 

* The experiments which have now been described exemplify all the elemep- 
Cary principles of the science of electricity. These experiments may be varied, 
Bnhipiled, and extended in innumerable forms, by an ingenious practical eles- 



742. In what wav are electrical orreries, mills, &c. constructed f T47. Wbst 
is lightning f What is thunder ? 748. How is the aurora borealis sappciaed le 
becaosedf 
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749. The electricity which a body manifests by being bronffht 
near to an excited body, without receiving a spark from it, is said to 
be acquired by induction. Whenaninsolated but unelectritied con 

trician. Among other things with which the subject may be made interesting, 
may be mentioned the fbllowing faots, &c 

A number of feathers, suspended by strings (Vnro an insulated conducting sub* 
stance, will rise and present the appearance of a flight of birds. As soon ai 
the substance is discharged the feathers will fall. The experiment described 
in No. 737, may be Yaried by placing the sportsman on the prime conductor, 
without the use of the Leyden jar, to which the birds areattnthed? 

The experiment in No. 738 may be varied by the ui>e of two plates of metoL 
one of which may be suspended from the prime conductor ami the paiutad 
images placed tietweeu them. 

Instead of the Leyden jar a plate of common glass, (a pane of window-glass, 
fbr instance,) may be coated on both sides with tin foil, leaving the edges bare. 
A l>ent wire balanced on the edge of the glass, to the ends of which balls may be 
attached, with an image at each end, may be made to represent iwe penan 
tilting, on tlie same principle by which the electrical bells are made to ring; 
[See No. 733.] 

A l>eautiful little sawmill was lately exhibited at a lecture at the Odeon, fa 
this city, l>y Mr. Quimby, its ingenious contriver. The moving power was a 
wheel, witli balls at the ends of the spokes, situated within the attractive influ- 
ence of two larger bails, differently elecirificMl. As the balls on the M|>oI(ee were 
attracted by one of the larger balls, they changed tiieir electrical state and were 
attracted by the other, which, in its return, repelled them, and thus the motion 
being given to the wheel was communicated by cranks at the end of the axle to 
the saws altove. 

When the hand is presented to the prime conductor, a spark is communicat- 
ed, attended with a slightly painfUl sensation. But if a pin or a needle be held 
in the hand with the point towards the conductor, neither spark nor pain will 
be perceived, owing to the attracting, (or perhaps, more properly speaking, the 
receiving) pouter^ of the point. 

That square rods are better than round ones to conduct electricity silently to 
the ground, and thus to protect buildings, may be proved by causing each kind 
of rod to approach the prime conductor when charged. It will thus be perceiv- 
ed, that while little effect is produced on the pith balls of the electrometer by 
the near approach of the round rod, on the approach of the square one the balb 
will immediately fall. The round rod also, will produce an explosion and a 
spark, from the ball of the prime conductor, while the square one will draw ofT 
the fluid silently. 

The eflfects of pointed conductors upon clouds charged with electricity may 
be familiarly exemplified by suspending a small fleece of cotton wool lW>m the 
prime conductor, and other smaller fleeces (\rvm tiie upper one, by small flla- 
ments. On prcMenting a point to them they will be repelled and all drawn to> 
gether; but if a blunt conductor aitproach them they will be attracted. 

From a great variety of facts, it has been aMcertaiiied, that lightning rods afiVird 
but little security to any part of a building beyond twenty feet fVom them ; and 
that when a rod is painted it loses its conducting power. The lightning rods of 
the most approved construction, and in strictest accordance with philosophical 
principles, are composed of emali square rods, (similar to nail rods.) They ma 
over the building, and down each of the corners, presenting many elevated 
points In their course. At each of the corners, and on the chimneys, the rodsara 
elevated several feet above the building. Rods of this description have beea 
erected on all the public school-houses and other public buildings of this <;! y.by 
order of the city authorities. They were constructed by Dr. King, who ha« 
Introduced an improvement, by twisting the square rods, and thus mttlliplyiBf 
the sharp surf^ices presented to collect the fluid. 

Why are square rods better than rotmd ones to conduct electricity sHeatly ta 
the ground, and thus protect buildings fVom lightning ? How fhr beyond the rod 
do lightning rods aflfbrd protection f In what way are the most approved li^t. 
alnf rods coostmcted f 
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dnetor is bronorht near an insulated chargfed conductor, the end near 
4o the excited conductor assumes a state of opposite electricity, 
while the farther end assumes the same kind of electricity,— that ifl, 

The removal of silk and woollen garments, worn during the day in cold 
weather^ is oflen accomnanied by a dlif^ht noise, resembling that of sparks iaea- 
log firoin a Are. * A similar efTect is produced on passing the hand sollly over 
the back of a cat. Theite effects are produced by electricity. 

It may here be remarked, that the terms positive and negative, are merely 
relative term.s, as applied to the subject of electricity. Tlius, a body whicn is 
possessed of its nattiral share of electricity, is positive in renpect to one that 
has lens, and negative in respect to one that has more than its natural share of 
the fluid. So, also, one that has more than its natural share is positive with 
regard to one that has only its natural sbure, or less than its natural share, -« 
and neg:itive in respect to one having a larger share than itself. 

The experiments with the spiral tube. No. 735, may be beautitiilly varied by 
having a collection of such tubes placed on a stand ; and a, jar coated with small 
■trip* resembling a brick wall, presents, when it is charged, a beuutifUl appear- 
ance In the dark. 

The electric tln\d occupies no perceptible space of time in its passage throngh 
Its circuit. It always seems to prefer the shortest passage, when the coiuiucturs 
are equally good. Thus, if two, ten, a hundred, or a thousand or moie personsi 
Join bunds and be made part of the circuit of the fluid in passing from the in- 
aide to the outside of a Leyden jar, they will all feel the shock at the samo 
moment of time. But, in its passage, the fluid always prefers the best conduc- 
tors. Thus, if two clouds, differently eleclrifled, approach one another, tho 
fluid, in its passage from one cloud to the other, will sometimes take the eortli 
in its course, because the air is a bad conductor. 

In thunder storms, the electric fluid sometimes passes (torn the clouds to the 
earth, and sometimes from the earth to the clouds ; and sometimes, as has just 
been stated, from one cloud to the earth, and from the earth to another cloud. 

It is not safe, during a thunder storm, to take shelter under a tree, because the 
tree attracts tlie fluid, and the human body being a better conductor than the 
tree, the fluid will leave the tree and pass into the bo<Iy. 

It is also unsafe to hold in the hand edge tools, or any sharp point which 
will attract the fluid. 

The safbst position that can be chosen during a thunder storm, is a recumbent 
posture on a ieather bed ; and in all situations a recumbent is safer than an erect 
position. No danger is to be apprehended from lightning when the interval 
between the flash and the noise of the explosion is as much as three or four 
seconds. This space of time may be conveniently measured by the beatings of 
the pnlxe, if no time-piece be at hand. 

Lightning rods were flrst proposed by Dr. Franklin, to whom is also ascribed 
the honor of the discovery that thunder and lightning are the effects of electri- 
city, lie raised a kite, constructed of a silk handkerchief, adjusted to two light 
strips of cedar, with a pointed wire flxed to it ; and fastening the end of the twine 
to a key, and the key, by means of a pier" of silk lace, to a post, (the silk lace 
senring to insulate the whole apparatus,) on the approach of a thunder cloud, 

What is remarked with regard to the terms negative and positive ? How can 
this be illustrated f What is said with regard to the time the electric fluid oc- 
cupies in its passage through its circuit i By what is the electricity which a 
body manifests by being brought near to an excited body without receiving a 
spark from it, saitl to 1^ acquired ? When an insulated, but unelectrifled con- 
dactor, is brought near an insulated charged conductor, what is said with regard 
to the end near the excited conductor f What example is given to illustrate 
this f What example is given to show that the fluid prefbrs the best conduc- 
tors f In what different ways does the electric fluid sometimes pass in thunder 
storms f Whv is it unsafe, during a thunder storm, to lake shelter under a tree, 
or to hold in the hand any edge tools .' What position is the safest in a thun- 
der storm? When is there no danger to be apprehended from the lightninf f 
By whom were lightning rods flrst proposed f Who flrst discovered that thuA» 
der and lightning are the effects of electricity f 
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if the condnctor be electrified pocutiTely, the unelectrified cotMlactaf 
will be negative at the nearer end and positive at the further end, 
while the middle point evinces neither positive nor negative eleo 
tricitj. 



SECTION XVIL 

Gahatdsniy or Voltaic EledricUy, 

750. Galvanism is a branch of Electricity. It derives 
its name from Galvani, * who first discovered it. 
£Iectricity is produced by the mechanical action of bodies on one 

lie was able to collect tparks fl'om (he key, to cliar^ Leyden Jan, and to aet Art 
to spirits. This experiment established the identity of lightning and electrici- 
ty. The experiment was a dangerous one, as was proved in the case of Profes- 
sor Richman, of 8t. Petersbargh, who fell a sacrifice to his zeal for electrical 
science, by a stroke of lightning fVom his apparatus. 

Among the most remarlcable focts, connected with the science of Electricity, 
may be mentioned the power possessed by certain species of fishes, of giving 
shocks, similar to those produced by the Leyden Jar. There are three auimi^ 

gossessed of this power, namely, the Torpedo, the Gymnotus Blectricus, (or 
urinam Eel,) and the Silurus Electricns. But although it bus been ascertained 
that th^ Torpedo i» capable of giving shocks to the animal system, similar to 
those of the I^yden Jar, yet he his never been made to afford a spark, nor to 
produce the least efTect upon the most delicate electrometer. The Gymnotus 
gives a small but perceptible spark. The electrical powers of (he Sifuros are 
inferior to those of the Torpedo or the Gymnotus, but still sufficient to give a 
distinct shock tt the human system. This power seems to have been bestoweii 
npon these animals to enable them to secure their prey ; and to resist the at- 
tacks of their enemies. Small fishes, when put into the water where the Gym- 
notus is kept, are generally killed or stunned by the shock and swallowed by the 
animal, when he is hungry. The Gymnotus seems to be po s s ess ed of a new 
kind of sense, by which he perceives whether the bodies presented to him bs 
conductors or not. 

* Dr. Aloysius Galvani was a Professor of Anatomy in Bologna, and made his 
discoveries about the year 1790. His wife, being consumptive, was advised to 
take, as a nijtritive article of diet, some soup made of the flesh of frogs. Sever- 
al of these animHls, recently skinned for that purjiose, were lying on a table ia 
his laboratory, near an electrical machine, with which a pupil of the professor 
was amusing bimself in trying experiments. While the machine was in actios he 
chanced to touch the bare nerve of the leg of one of the frogs with th*; blade of a 
knife that he held in his hand, when suddenly the whole limb was thrown into vio- 
lent convulsions. Galvani being informed of the fact, repeated the experiment, 
and examined minutely all the circumstances connected with it. In this way 
be was led to the discovery of the principles which form the basis of this 
science. The science was subsequently extended by the discoveries of Prtrfks- 
sor Volta, of Pavia, who flrst constructed the Galvanic or Voltaic Pile, in ths 
beginning of the present century. 

In what way did he prove this f What is related as amonr the most remark^ 
able fKCta connected with the science of electricity f ISO. What is galvanlsmf 
How is eleetrlcity generally produced { By whom and whsa was galvaaisBi 
disoovered f What led to the discovery f 
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tnnther ; but Galvanuim, or Galyanio Electricity, is produced by 
their chemical action. 

751. The motion of the electric fluid excited by galvanic power, 
differs from that explained in the science of electricity, in its dura- 
tion ; for while the latter exhibits itself in sudden and intermitted 
shocks and explosions, the former continues in constant and unin- 
terrupted action. 

752. The nerves and muscles of animals are most easily affected 
by the galvanic fluid ; but the voltaic or galvanic battery possesses 
the most surprising powers of chemical decomposition. 

753. The galvanic fluid or influence is excited by the 
contact of pieces of different metal, and sometimes by 
different pieces of the same metal. 

754. ninstration first. If a living frog, or a fish, (as a flounder,) 
having a slip of tin foil pasted on its back, be placed upon a piece 
of sine, spasms of the muscles will be excited wiienever a commu- 
nication is made between the zinc and the tin foil. 

755. Jllustration second. If a person place a piece of one metal, 
IS a lialf dollar, above his tongue, and a piece of some other metal, 
ts sine, below the tongue, he will perceive a peculiar taste ; and, 
in the dark, will see a flash of light, whenever the outer edges of 
the metals are in contact 

756. Illustration third. A faint flash may be made to appear be- 
fiire the eyes by putting a slip of tin foil upon the bulb of one of 
the eyes, apiece of silver in the mouth, and making a communica- 
tion between them. In these experiments, no effect is produced so 
loog as the metals are kept apart ; but on bringing them into con- 
tact, the effects above described are produced. 

757. The conductors of the galvanic fluid are divided 
into the perfect and the imperfect. Metallic substances, 
plumbago and charcoal, the mineral acids and saline 
solutions are perfect conductors. Water, oxydated flu- 
ids, as the acids, and all the substances that contain 
these fluids, alcohol, ether, sulphur, oils, resins, and 
metallic oxides, wre imperfect conductors. 

758. To produce any galvanic action it is necessary 
to form what is called a galvanic circle ; that is, a cer- 
tain order or succession of substances capable of pro* 
ducing the fluid. 

751. How does the motion of the electric fluid, excited by fralvanic power, 
dilftr from that explained in the science of electricity I 752. What bodiea are 
meat easily eflTectetl by the galvanic fluid ! 753. Ho^v is the galvanic fluid cv in- 
fluence excited f 764. What illiistratiomi of this hi e given? 767. Into what are 
the cofldociors of the galvanic fluid divided / Whnt sulistances are perfiBCl con- 
doctors .' What substances are imperfect conductors f 768. What Is neoes> 
tary in order to produce a<>v iudvauic action i 
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759. To produce electricity ia the common way (as has h 
stated under the head of electricity), it is necessary to excite an el< 
trie or non-conducting substance. But to produce the gralvai 
fluid, all that is necessary is the simple contact of different conda 
ing substances with each other. 

760. The simplest galvanic -circle is composed < 

three conductors, one of which must be solid, and o: 

fluid ; the third may be either solid or fluid. 

7GI. Tiie process usually adopted for obtaining galvanic elect 
city is to place between two plates, of different kinds of metal 
fluid capable of exerting some chemical action on one of the pla' 
while it has no action, or a different action, on the other. A co 
munication is then formed between the two plates. 

762. Illustration. Fig. 127 represents a simple galvanic circle, 
consists of a vessel containing a portion of diluted sulphuric ac 
with a plate of zinc Z and of copper C immersed in it. The plai 
are separated at the bottom, and the circle is completed by un 
ing the plates at the top. The same effect will be produced, if, i 
stead of allowing the metallic plates to come into direct contact, t 
coimnunication between them be effected by wires extending frc 
one to the other. 

763. In the above arrangement, there are three elements or < 
■ential parts ;* namely, the zinc, the copper, and the acid. The ao 
acting chemically t upon the zinc, produces an alteration in the eli 
trieal state of the metal. The zinc communicating its natural she 
of the electrical fluid to the acid, becomes negativelyt electrifit 

* It is essential in all case* to have tliree elements to produce iralvanic ; 
tion. In the experiments or illustrations in numbers 754, 766 and 756, I 
moieture of the animal, or of the mouth, supplies the place of the acid, ao tl 
the tkree constituent parts of the circle are completed. 

t A certain quantity of electricity is always developed, or. In other wor 
converted (torn a latent to an active state, wbeoevdr a chemical action tal 
place between a fluid and a solid body. This is a general law of chemical i 
tion ; and, indeed, it has been ascertained, that there is so intimate a connexi 
between electrical and chemical charges, that the chemical action can procf 
only to a certain extent, unless the electrical equilibrium, which has been d 
turbed, t>e ngnin restored. Hence, we And that in tl»e simple, as well as in i 
ooniponnd galvanic circle, the oxidation of the zinc proceeds with activl 
whenever the galvanic circle is completed ; and ciiat it ceases, or, at least tal 
place very slowly, whenever the circuit is interrupted. 

X It appears at first view to be a singular fact, that in a simple galvanic eire 
composed of Kinc, acid, and copper, the zinc end will always be negative, a 
the eopper end positive ; while in all compound galvanic circles, oompoaed 
the same eleuieuts, the zinc will be positive, and the copper negative* This i 
parent difference arises fWtni the compound circle being usually terminated 
two sn))erduouM plates. 



759. How does the manner of producing the galvanic fluid and electricity 
the eommon way,difl*er .' 7C0. Of what is the Himplest galvanic circle com| 
■ed.' 761. What process is usually adopted fbr obtaining galvanic electriclH 
Illnstrale this by Fig. 127. What effect will be produced if, instead of allowi 
the metallic plates to come into direct contact, the communication betws 
them t>e effected by wires .' How many parts are there in the above arrao| 
moiit .' What are they t What eflbct dues the acid produce t What is t 
•lectrical state of the zinc f 
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The eopper, attracting the rame fluid 
from the acid, becomes positively electri- 
fied. Any conducting sulMrtance, there- 
fore, placed within the line of communi- 
cation between the positive and negative 
points, will receive the charge thus to be 
obtained. The arrows in Fig. 127 show 
the direction of the current of positive 
ekctrieitv, namely, from the zinc to the 
flnidy — from the fluid to the copper.-— 
from the copper back to the zinc. The 
gnbatance to be submitted to the action of 
the fluid, must be placed in the line of 
eommnnicaUon between the copper and 
the zinc. 

764. The electrical effects of a simple 
gihranic circle, such as has now been des- 
cribed, are, in general, too feeble to be per- 
oeired, except by very delicate tests The 
mnaoles of animals, especially those of 
edd-blooded animals, such as fh>g8, &«., the tonvue, the eye, and 
ether sensitive parts of the body, being very easily affected, aflibrd 
examples of the operation of simple galvanic circles. {See Illua- 
tnOions, 754 &c.) In these, although the quantity of electri- 
eity set in motion is ezceedinglv small, it is yet sufficient to pro- 
dnee very considerable effects ; but it produces little or no effect on 
the most delicate electrometer.* 

765. The galvanic eflTects of a simple circle may bo 
iuereased, to any degree, by a repetition of the same 
■iraple combination. 

Snch repetitions constitute compound galvanic circles, and are 
olkd galvanic piles or galvanic batteries, according to the mode in 
vhoeh they are constructed. 

766. The voltaic pile consists of alternate plates of 
two diflferent kinds of metal, separated by woollen cloth, 
card, or some similar substance. 

767. iUvstratioH. Fig. 128 represents a voltaic pile. A voltaic 
pQe may be constructed in the following manner : Take a number, 

* Ob tbe prinelpla of the simple gralvanlc circle, Dr. Hare, of Philadelphia, 
tiasiracted a very powerful apparatos, which he called a CalorinuftoTt firom its 
iisisilsliln properly ol'prodQoiiig heat. 



Of the eopper ? What are the arrows, in Fig. 127, designed to show f Where 
pml the aubatance, to be submitted to the action oT the fluid, be placed } 
What la said of the electrical effects of a simple galvanic circle t What exam- 
ples are given illustrating the operation of simple galvanic circles? Upon 
what principle is the calorimotur constructed f 766. How may tlie galvanic e^ 
•eeta oTthe simple circle be increased .' What are compound galvanic circles f 
Wt. Of what does the voltaic pile consist? What does Fig. 128 represent f 
Bow may a voliaie pils be cooslructed? 
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in Ihe following order : 

ver, a pitce of linc, a p 

rcpealed. These »re to be •upported by three 

gtaaa Toda, i.laced perpendicularly with 

of wood at the tup end bottom, aud the p 

then be coiaplete ; and will afford ■ couiuini 

current of elccttic fluid Ibrough any conducting sntMlance. Tfan 

if one band be applied to the lower plote,Bndtne olber lo the uppi 

one, a ahocb will be telt, which will be repeated u oflea u u 

conUcl ia renewed. 

Instesd of silver, copper plalea, or plates of other metal, nuT I 
used in the above arrBTigement. The arrowi in the figure, ano' 
the ooi'.rM of the eunent of electricily in the arrangement of liln 
line. Sec. 

768. The voltaic battery is a combinatioD of metalli 
pla(es, immersed by pairs in a fluid whiuh exerts a chen 
ical action od one of each pair of the plates, aad d 
aotioQ, or, at least, a ditTerent action od the oiher." 

769. lUtaiTolint, Fig. 139 repteBents s voltaic battery. It ooi 
■lata of a trough made of bohea wood, wedge wood- ware, or aon 
Other non-conducting substance. It la Fig 12». 

divided into grooves or parlicio 
the reception of the acid, or a saline 
■olution, and the plntes i 
per (orotlier metals) are immersed by 
pairs in the grooves. These pairs of 
plal^ are united by a alip ta metal 
pisaing from the o 
the other 

and each cell or groove in the trough 

containing a plate of zinc, connecled 

with the copper plate of the succeeding cell, and a copper pla 

joined with the linc plate of llie preceding ceil. These pairs Ing 

tine and terminote with copper. The communication between tl 
first and last plates is made by wires, which thus complete the p 
di/fomttaculUKslkefls 



llwtalvai 






•, thenftire, ni 
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Tanic eiroait. T|^e substance to be submitted to galvanic action it 
placed between the pointii of the two wires. 

770. A compound battery of great power is obtained by uniting a 
namber oi these troughs. In a similar manner a battery may oe 
prodaced by uniting several piles, making a metallic communica- 
tion between the last plate of the one and the first plate of the next, 
and so on, taking care that the order of succession of the plates in 
the circuit be preserved inviolate. 

771 . The Couronne des tasseSf represented in figure 130, is an- 
other form of the galvanic battery. pi^, ^sq. 

It consists of a number of cups, s-L:*. ' 

bowls, or glasses, with the zinc *^ ^ 

and copper plates immersed in 
them, in the . order represented in 
the fiffure ; Z indicating the zinc, 
and the copper plates; the ar- 
rows denoting the course of t^e 
electric fluid. 

772. The electric shock from the 
▼oltaic battery may be received by 
any namber of persons, by joining 
hands, haying previously wetted them. 

773. The spark from a powerful voltaic battery acts upon and 
inflames gunpowder, charcoal, cotton, and other inflammable bodies, 
melts all metals, disperses diamonds, &c. 

774. The wires, by which the circuit of the battery is completed, 
B generally covered with glass tubes, in order that they may be 

keld, or directed to any substance. 

775. There are three principal circumstances in which the elec- 
tricity produced by the galvanic or voltaic battery, diflers from that 
obtained by the ordinary electrical machine, namely, — 

.Firtt. The very low decree of intensity* of that produced by the 
fiUTanic battery, compared with that obtained by the machine. 

* By ihteiuitf is here meant the same that is implied by density, as applied 
ts maf lar. The quantUy of electricity obtained by galvanic action is much 
pester than can be obtained by the machine ■, but it flows, as it were, in nar* 
lew streams. The action of the electrical machine may be compared to a 
B^hty torrent, dashing and exhausting itself in one leap from a precipitoos 
Mflit. The galvanic action may be compared to a steady stream, supplied by 
a mexhaustible fountain. In other words, the momentum of the electricity 
esdtsd by galvanism is less than that from the electrical machine, — but the 
fiMMUI|f, as has been stated, is greater. 

Where must the substance which Is to be submitted to galvanic action be 
pisesd f How can a compound battery of great power be obtained f What 
floss Fig. ISO represent? Of what does this battery consist? How can the 
tfeetric shock, from the voltaic battery, be received by any number of persons ? 
What is said of the spark from a powerful Toltaic battery ? 775. In how many 
wajrs does the electricity produced by the galvanic or voltaic battery diffbr from 
that obtained by the ordinary electrical machine ? *What is the first ? What la 
here meant by intensity ? How does the quantity of electricity obtained by 

evanio action, compare with that obtained by the machine ? To what may 
I action of the electrical machine be compared ? To what may the galvanie 
eotloa be compared ? 

14 
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Secondly. The very large quantity of electricity which is set in 
motion by the yoltaic battery ; and 

Thirdly. The continuity of the current of voltaic electncity, and 
its perpetual reproduction, even while this current is tending to 
restore the equilibrium.* 

776. A common electrical battery may be charged from a voltaic 
battery of sufficient size ; but the largest calorimotor that has ^et 
been constructed, furnishes no indication of attraction or repulsion 
equal to that which is given by the feeblest degree of excitation to 
a piece of sealing wax. A gnlvanic battery, consisting of fiflv 
pairs of plates, will affect a delicate gold-leaf electrometer ; ana, 
with a series of one thousand pairs, even pith balls are made to 
diverge. 

777. Voltaic piles have been constructed of layers of gold and 
silver paper. The effect of such piles remains undisturbed for 
years. With the assistance of two such piles, a kind of perpetual 
motion, or self-moving clock, has been invented by an Italian phi 
losopher. The motion is produced by the attraction and repulsion 
of tne piles exerted on a pith ball, on the principle of the electrical 
bells described in number 733. The top of one of the piles was 
positive, and the bottom negative. The other pile was in an oppo- 
site state ; namely, the top negative, and the bottom positive. 

778. The effect of the voltaic pile on the animal body 
depends chiefly on the number of plates that are em- 
ployed ; but the intensity of the spark and its chemical 
agencies increase more with the size of the plates, than 
with their number. 

779. Galvanism explains many facts in common life. 

* Whenever an electrical battery is charged, how great Boever may be ths 
quantity that it contains, the whole of the power is at once expended, n» soon 
sa the circuit is completed. Its action may be sufflcienlly energetic while it 
lasts, but it is exerted only for an instant, and like the destrycllve operation of 
lightning, can effect, during its momentary pasMage, only sudden and violent 
changes, which it is beyond human power to regulate or control. On the con- 
trary, the voltaic battery continues for an indefinite time, to develope and supply 
vast quantities of electricity, which, far ft-om being lost by returning to their 
source, circulate in a perpetual stream, and with undiminishetl force. Tbe 
effiscts of this continued current on the btidies subjected to its action, will, 
Iherefttre, be more definite, and will t>e constantly accumulating: and their 
amount in process of time, will be incomparabiv greater than even those of the 
ordinary electrical explosion. It is, therefore, found that changes in the con^ 
position of bodies are effected by galvanism, which chu be accomplished by no 
other means. The science of galvanism, therefore, has extended the field, and 
multiplied the means of investigation in the kiudred sciences, especiidly tliat of 
Chemisiry. 

What is the second way in which they diffbr i What is the third ? What is 
said in the note with regard to the third circumstance in which the electricity 
obtained by the ordinary electrical machine diflfent from that produced by this 
galvanic battery? What is said of the effects of this continued current oa the 
bodies subjected to its action ? Of what have voltaic piles been constructed f 
What has beeu produced with the assistance of two such piles i flow and o)S 
what principle was the motion produced i 778. On what does the effect of th« 
voltaic pile oa the body depeud r 779. What tacts in common Ufa doss galvan- 
ism sxplainf 
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Porter, ale, or strong Yjeer, is said lo have a peculiar taste when 
drunk from a pewter vessel. Ti»e peculiarity of tasie is caused by 
the galvanic circle formed by the pewter, uie beer, &c., and tfaie 
moisture of the under lip. 

Works of metals, the parts of which are soldered together, soon 
tarnish in the places where the metals are joined. 

Ancient coins, composed of a miztuie of metal, have crumbled to 
pieces, while those composed of pure metal have been uninjured. 

The nails and the copper in sheathing of ships are soon corroded 
about the place of contact. These are all the effects of galvanism.* 

There are persons who profess to be able to find out seams in 
brass and copper vessels by the tongue, which the eye cannot dis- 
cover ; and, by the same means, to distinguish the base mizturea 
which abo*ind in gold and silver trinkets. 



SECTION XVIII. 

Magnetism, 

780. Magnetism treats of the properties and effects 
of the magnet, or loadstone. 

781. There are two kinds of magnets, namely, the native or 
natural magnet, and the artificial. 

7ti2. The native magnet, or loadstone, is an orp of iron, found in 
iron mines, and has the property of attracting iron and other sub- 
stances which contain it. 

7c$3. An artificial magnet is a piece of iron to which magnetic 
prmBerties have been communicated. 

For all purposes of accurate experiment, the artificial is to be pre- 
lerred to the native magnet. 

784. If a straight bar of soil iron be held in a vertical position, 

* The moat strikinf eflfbets of galvanism on the homan fVame. after death, 
#«re exhibited at Glasgow, a fbw yenre ago. The subject on which the experi- 
nents were made was the body or the murderer Clydesdale, who was hanged 
ai that city. He had been suspended an hour, and the first experiment was 
Made ia about ten minutes after he was cut down. The galvanic battery em- 
iloyed consisted of 270 pairs of four inch plates- On the application of the 
battery to dtflerent parts of the body, every muscle was thrown into violent 
agitation ; the leg was thrown out with iireal violence, breathing commenced, 
the face exhibited extraordinary grimaces, and the finger seemed to pofnt out the 
spectators. Many persons were obliged to leave the room Vrom terror or sick- 
ness ; one gentleman fainted, and some thought that the body had really come 
to life. 

780. Of what does magnetism treat f 781. How many kinds of magnets are 
there f What are they i -782. What is the native magnet .' What ftroperty 
does it possess f 783. What is an artificial magnet t Which magnet is pr»> 
Ibrred, for all parposes of accurate experiment f 784. How can an artiflcia] 
Bagnet be made f 
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(or, still better, in a position slightly inclined to the perpendicular, 
the lower end deviating to the north,) and struck several smart 
blows with a hammer, it will be found to have acquired, bj this 
process, all the properties of a magnet ; or, in other words, it will 
become an artificial magnet- 

785. The properties of a magnet are four ; namely. 
First, Polarity, — Second, Attraction of unmagnetic iron, 
— Third, Attraction and repuhion of magnetic iron, — 
Fourth, The power of communicating magnetism to 
other iron. 

786. By the polarity of a magnet is meant the prop- 
erty of pointing, or turning to the north and south poles. 
The end which points to the north, is called the north 
pole of the magnet, and the other the south pole. The 
attractive power of a magnet is strongest at the poles. 

787 When a magnet is supported in such a manner as to move 
freely, it will spontaneously assume a position directed nearly north 
and south. The end which points to the north, is called the north 
pole of the magnet ; and that which points to the south, is called 
the south pole. 

788. There are several ways of supporting a magnet, so as to 
enable it to manifest its polarity. JFYr^f, by suspending it, accu- 
rately balanced, from a string. Secondly, by poising it on a sharp 
point. Thirdly, by placing it on a piece of cork, and thus making 
It float on water. 

789. Different poles of magnets attract, and similar 
poles repel each other."* 

790. A magnet, whether native or artificial, attracts iron or steel 
which has no magnetic properties ; but it both attracts and repda 
those substances, when they are magnetic ; that is, the north pole 
of one magnet will attract the south pole of another, and the south 
pole of one will attract the north of another ; but the north pole of 
the one repels the north pole of the other, and the south pole of one 
repels the south pole of another. 

791. If either pole of a magnet be brought near any small piece 

* There is here a close analogry between the attractive and repulsive powers 
of the difibreut kinds of electricity, (that is, the positive and the negative,) aad 
the northern and southern polarities of the magnet. The same hiw obtains 
with regard to both ; namely, — between like powere there it repiUsion } b^ 
tween unlike, there is attraction. 



785. What is the first property of the magnet ? Second ? Third ? Fourth f 
T86. What is meant by the polarity of a magnet { Where is the attractive 
power of the magnet the strongest f When will a magnet assume a poeittaa 
directed nearly north or south f What is the north polo of the magnec f What 
is the south pole } In what ways can a magnet be supported so as to tonable it 
to manifest its polarity. What is said in No. 790 with regard to tiM attrao* 
tion of magnets, whether native or artiticial f What analogy is th«ra betweea 
the attractive and repulsive powers of the diflbrent Unda of electricity, and the 
Borthem and southern polarities of the magnet f 
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o( toft irDBy It will attract it. Iron filings will also adhere in olua- 
teiB to either pofe. 

792. If the nortli pole of a maornet, held in the hand, be presented 
to the same pole of a magnet balanced on a point, or suspended by 
a string, it will repel it, — but it will attract the opposite pole. 

793. A magnet may communicate its properties to 
other bodies. But these properties can be conveyed to 
no other substances than iron, nickel, or cobalt.''^ 

All natural and artificial magnets, as well as the 
bodies on which they act, are either iron in its pure 
state, or such compounds as contain it. 

794. The powers of a magnet are increased by action, 
and are impaired and even lost by long disuse. 

796. When the two poles of a magnet are brought together, so 
that the magnet resembles in shape a horse-shoe, it is called a 
horse-ahoe magnet, and it may be made to sustain a considerable 
weight by suspending substances from a small iron bar, extending 
fiom one pole to the other. This bar is called the keeper. A 
■mall addition may be made to the weight every day. 

796. Soft iron acquires the magnetic power very readily, and also 
loses it as readily, — but hardened iron or steel acquires the proper- 
ty with difficulty, but when it has acquired it, retains it perma- 
nently. 

797. When a magnet is broken or divided, eacb part 

becomes a perfect magnet, having both a north and 

south pole. 

This is a remarkable circumstance, since the central part of a 
magnet appears to possess but little of the magnetic power, — but 
when a magnet is divided in the centre^ this verj part assumes the 
magnetic power, and becomes possessed, in the one part, of the 
north, and in the other, of the south polarity. 

798. The magnetic power of iron or steel resides 
wholly on the surface, and is independent of its mass, f 

* The accuracy of the -above statement may, perhaps, be questioned, sinos 
Coalomb has discovered, that "^ ail »otid bodies are auMoeptible of magnetic m- 
/bi^neBj** But the ^ influence ** is perceptible only by the nicest testa, and 
iMler peeoliar circumstances. [See Electro-Magnetism.] 

t In this respect there Is a strong resemblance between mi^netism and elec- 
tricity. Eleetricity, as has already been stated, Is wholly confined to the sar> 

798. Can a magnet communicate its properties to other bodies i To what 
sobstances, only, can these properties be conveyed .' Of what substance are all 
MKoral and artlflcial magnets, as well as the bodies on which they act, com- 
Msad f 794. How can the powers of a magnet be Increased I 795. What Is a 
far seehoe magnet f How can It be made to sustain a considerable weight f 
What la this bar called i 796. How does soft Iron diffbr f)*om hardened iron. 
With respect to Its acquiring and losing the magnetic newer i 797. What 
sAct Is produced when a magnet Is broken or divided f Why Is this a re- 
■MDteble drcunu**ance i 798. Where does the magnetic power of iron or sted 
wkoily rssfde t Note, In what parilealars do magnetism and electricity i»* 
SMBbte eadi other ? 

14* 
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799. Heat weakens, and a great degree of heat de- 
stroys the power of a magnet ; but the magnetic attrac- 
tion is not in the least diminished by the interposition of 
any bodies except iron, steel, &c. 

800. Electricity frequently changes the poles of ft magnet s and 
the explosion of a small quantity oi gunpowder, on one or the poles, 
produces the same effect. 

Electricity, also, sometimes renders iron and steel magnetic, 
which were not so before the charge was received^ 

801. The effect produced by two magnets, used to- 
gether, are much more than double that of either one 
used alone. 

802. When a magnet is suspended freely from its 
centre, the two poles will not He in the same horizontal 
direction ; one of them will incline towards the horizon, 
and the other will consequently rise; or, in other words, 
one end of the magnet will be higher than the other. 
This is called the inclination or the dipping of the 
magnet. 

tue of bodies. In a few words, tnagnettsm and electricity mby be said to 
resemble each other in the following particulars. 

1. Each consists of two species, namely, the vitreous and the resinons (or, 
the positive and negative) electricities ; and the northern aod sonthern Qsome- 
times called the BorecU^ and the Austral) polarity. 

2. In both magnetism and electricity, thoae of the same name repel and thoM 
of different names attract each other. [See No. 790.] 

8. The laws of induction in both are similar. 

4. The iufluencc,.in both cases, (as has just been stated,) resides at the ntr- 
fetce^ and is wholly independent of their ma»». 

But magqelism and electricity differ in the following particulars. 

1. Electricity is capable of being excited in all bodies, and of being imparted 
to all, — Magnetism, with but few exceptions, resides in, and can be imparted 
only to iron, and its different compounds. [See note to No. 793.1 

% Electricity may be transferred from one body to another; la whieh case 
the body from which it is transferred loses the whole or a portion of its electric- 
ity. Magnetism cannot be transferred In the same manner ; but it may be com- 
municated firom a magnet to another piece of iron or steel, in which case the 
magnet employed Iohcs no part of its own power. 

3. When an electrified body is divided near the middle, the two parts will 
possess the same kind of electricity which they had before the separation, — 
but when a magnet is ditided, or broken into any number of parts, each part 
will have both polarities, and become a peribct magnet. 

4. The directive property, or the property of turning toward tha north and 
south poles, belongs to the magnet aJone. 

Note. What is the first i What is the second ? What Is the third > Wluit 
la the fburth ? In what particulars do magnetism and electricity difftr IhMBi 
each other ? What is the first f What is the second f What is the third I 
What Is the fourth ? 799. What effbct has heat on the power of the magnet f 
By what is the magnetic attraction diminished ? 800. What effect has eIectrio> 
Ily on the poles of a magnet f What efiTect has electricity, sometimes, on Iron 
and steel f 801. What proportion do the eflects produced by two magnet^ 
used together, bear to that of either uaed alone. 802. What la maaat by the 
Inclination or d* oping of the magnet I 
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803. The magnet, when suspended, does not invaria- 
bly point exactly to the north and souU^ points, but varies 
a little towards the east or the west. This variation 
differs at different places, at different seasons, and at 
different times in the day. 

804. The science of magnetism has rendered immense 
advantages to commerce and navigation, by means of 
the mariner's compass. * The mariner's compass con- 
sists of a magnetised bar of steel, called a needle; having 
at its centre a cap fitted to it, which is supported on a 
sharp-pointed pivot fixed in the base of the instrument. 
A circMlar plate, or card, the circumference of which is 
divided into degrees, is attached to the needle, and 
turns with it. On an inner circle of the card the thirty- 
two points of the mariner's compass are inscribed, f 

805. The needle is generally placed under the card of a mariner's 
compass, so that it is out of sight ; but small needles, used on land, 
are place'd above the card, and the card is permanently fixed to the 
box. 

806. The north pole of a magnet is more powerful in 
the northern hemisphere, or north of the equator, and 
the south pole in the southern parts of the world. 

807. When a piece of iron is brought sufficiently near 
to a magnet, it becomes itself a magnet ; and bars of 

* The invention of the -mariner's compass is usnally aacribed to Flavio da 
Melfl, or Flavio Gioin, a Neapolitan, about the year 1302. Some authorltieii, 
however, assert that it was brought from China, by Marcus Paiilus, a Venetian, 
taB 1260. The invention is also claimed both by the French and English. 

The value of this discovery may be estimated Trom the consideration, that, be> 
fere the u«e ofllie compass, mariners seldom trusted themselves out of* sight of 
laiid ; they were unable to make long or distant voyages, as they had no means 
to find their way back. This discovery enabled them to find a way where all 
Is trackleas, — to conduct their vessels through the mighty ocean, ont of the 
light of land; and to prosecute those discoveries, and perform those gallant 
deeds which have immortalized the names of Cook, of La Perouse, Vancouver, 
Bir Francis Drake, Nelson, Parry, Franklin, and others. 

t The compass is generally fitted by two sets of axes to an outer box, so that 
It always retains a horizontal position, even when the vessel rolls. When the 
•rtUlclal magnet or needle is kept thus ft-eely suspended, so that it may turn 
MNth or south, the pilot, by looking at its position, can ascertain in what 
direction his vessel is proceeding (See Ifo. 786) ; and, although the needle varies 
t Uttle from a correct polarity, yet this variation is neither so great, nor so irref- 
akr, at ■epiously to impair its use as a guide to the vessel in its course over th» 
yatlUassdeep. 

108. Does the magnet, when snspended, invariably point exactly to the north 
nd south points f 804. What advantage has the science of magnetism render- 
ed to commerce and navigation f Of what does the mariner^s compass con- 
rist i Note. To whom is the invention of the mariner^s compass usually as- 
eribed f How may the value of this discovery be estimated ? 806. Where are 
lbs north and south poles of a magnet the most powerful f 807. What eflecl 
has a mafnet on a piece of iron, when it Is brought sufficiently near to it ? 
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iron, that have stood long in a perpendicular situation, 
are generally found to be inagnetical. 

808. Artificial magnets are made bv applying one or more power- 
All magnets to pieces of 8of\ iron, ^he end which is touched by 
the north pole, becomes the south {>ole of the new magnet, and that 
touched by the south pole, becomes the north pole. The magnet 
which is employed in magnetising a steel bar loses none of its 
power by being thus employed ; and as the effect is increased when 
two or more magnets are used, with one maenet a number of ban 
may be magnetised, and then combined togeUier ; by which means 
their power may be indefinitely increased. Such an apparatus is 
ealled a magnetic magazine. * 

609. A magnetic needle is made by fastening the steel on a piece 
of board, and drawing magnets over it from the centre outwards. 

810. A horse-shoe magnet should be kept armedf by a small piece 
of iron or steel, connecting the two poles. 

811. Interesting experiments may be made by a msj^net, even of 
DO great power, with steel or iron filings, small needles, pieces of 
ferruginous substances, and black sand, which contains iron. Such 
substances may be made to assume a variety of amusing forms and 
positions, by moving the magnet under the card, paper, or table, on 
which they are placed. Toys, representing fishes, frogs, &c., which 
are made to appear to bite at a hook, birds, floating on the water, 
Ac. are constructed on magnetic principles, and sold in the shops. 

* There are many methods of making nrtiflcial magneto. One of the moat 
simple and eflTectiial consiats in passing a strong horse-shoe magnet oyo' bars 
df aoft iron. 

In roalcing bar (or straight) magnets, the bars most be laid lengthwise, on a 
flat table, with the marlced end of one bar against the unmarlied end of the 
next; and in raalcing horse-shoe magnets, the pieces of steel previously beat 
falto their proper form, must he laid with their ends in contact, so as to form • 
figure lilce two capital U's, with their tops Joined together, thus c^s, obaerving 
that the marked ends come opposite to those which are not marked ; and then, 
la either case, a strong horse-shoe magnet is to be passed with moderate pres*. 
are over the bars ; taking care to let the marked end of this magnet precedSi 
and its unmarked end fbllow It } and to move it constantly over the steel ban, 
so as to enter or commence the process at a marie, and then to procmed to an 
unmarked end, and enter the next bar at its marked end, and so proceed. 

After having thus passed over the bars ten or a dozen times on each side, and 
In the same inrection, as to tlie marks, they will l>e converted into tolerably 
strong and permanent magnets. But if, aAer having continued the process tut 
some time, the exciting magnet be moved even once over the bars in a contrary 
direction, or If its south pole should be permitted to precede, aOer the norta 
pole has been first used, all .the previously excited magnetism will diaappesr, 
' the ban will be fbund in their original state. 



•OS. How are artificial magnets made f Does the magnet, which is emphnrsi 
fa magnetising a steel baf, lose any of its power by being thus employed f WasA 
Is a magnetic magazine f 809. How is a maanetic ne«ile made ' 810. Wkat 
Is said with regard to a horsemhoe magnet f How should a horse-riioe mainsi 
ftsksptr ^ 
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SECTION XK. 
Electro - Masmetism. 



'b' 



812. Electro-Magnetism treats of the combined pow- 
ers of electricity and magnetism. 

813. The passage of the'twc kinds of electricity, (namely, the 
positive and the negative,) through their circuit, is called the eleo- 
tric currents; and the science of electro-magnetism explains the 
j^nomena attending those currents. 

814. it has already been stated, that from the connecting wires 
of the galvanic circle, or battery, there is a constant current of elec- 
tricity passing from the zinc to the copper, and from the copper to 
the zinc plates. In the single circle these currents will be negative 
from the zinc, and positive from the copper; but in the compound 
drcles, or the battery, the current of positive electricity will flow 
from the zinc to the copper, and the current of nrgntive electricity 
from the copper to the zinc. [See JVote {^d^ to J^o. 703.] 

815. From the effect produced by electricity, on the magnetio 
needle, it had lieea conjectured, by a number of eminent philoso- 

. Idlers, that magnetism, or magnetic attraction is in some manner 
caused by electricity. In the year 1819, Professor Oersted of Co- 
penhagen, made the grand discovery of the power of the electrio 
current to induce magnetism ; thus proving the connexion between 
n^netism and electricity. 

816. In a short time after the discovecy of Professor Oersted, Mr. 
Farraday discovered that an electrical spark could be taken from a 

. magnet; and thus the common source of magnetism and electricity 
was folly proved. 

In a paper recently published, this distinguished philosopher has 
very aluy maintained the identity of common electricity, voltaio 
electriotly, magnetic electricity, (or electro-ma-gnetisni,) thermo- 
electricity, * and animal electricity. The phenomena exhibited in 

* In the year 1822, ProfeMor Seebeck, of Berlin, discovered, that currents of 
deetricity mi|rht be produced by the partial application of hent to a circuit 
eomposed exclunively of solid conductors. (See Ga/vaniem^ No. 760.) The elec- 
trical current, thu« excited, ha-s been termed, Thermo-tlectric^ ■. tcoxw the Greek 
ncriRM, which siirnineii beat,) to distinguish it tVnrn the common gaWanio 
csrreat ; which, as it requires the intervention of a fluid element, was denom. 
taatfld a Hydro-electric current. The term Stereo-electric current, has also been 

fl). Of what does electro-magnetism treat f 813. What is the electric citr> 
Itat f What does the science of electro-magnetism explain f 814. What is the 
dlflWenee between the currents in the single and the compound circles f 81A. 
What Is It thought causes magnetic attraction f What discovery waii made tn 
tkt vear 1819 .' By whom i 816. What flirther diHCovery was made soon atler, 
tndby whom ? What does this philosopher maintain .' Ifote. In what way 
nay currents of electricity be produced .' What is the ele<;tricai current, thus 
eidted, termed f How does this current differ (Vom the common galvanic eap> 
laat t What other term has been applied to this current ' 
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all these five kinds of electricity, differ merely in decree and tha 
state of intensity in the action of the fluid. 

The discovery of Professor Oersted has been followed out by 
Ampere ; who, By his mathetnatic;tl and experimental researches, 
has presented a theory of the science less obnoxious to objectiona 
than that proposed by the Professor. 

817. The principal facts in connexion with the scienco 
of electro-magnetism are, — 

1. That the electrical current, passing uninterruptedly* through a 
wire, connecting the two ends of a guvanic battery, produces an 
effect upon the magnetic needle. 

2. That electricity will induce magnetism. 

3. That a magnet, or a magnetic magazine, will induce electri* 
city. 

4. That the combined action of electricity and ma|rnetism, as de- 
aeribed in this science, produces a rotatory motion of certain kindf 
of bodies, in a direction pointed out by certain laws. 

o. That the periodical variation of the magnetic needle, from the 
true meridian, or, in other words, the variation of the compass \m 
eaused by the influence of the electric currents. 

6. That the magnetic influence is not confined to iron, stejel, Ac 
(See Magnetism, No. 793,) but that most metals, and many other 
•ubstances may be oonvt^rted into temporary magnets by electrical 
action. 

7. That the magnetic attraction of iron, steel, &e. may be prodi* 
giously increased by electrical agency. 

applied to the former, in order to mark its being produced in systems formed nf 
se/»(< bodies alone. It is evident that if, as is supposed in the theory of Ampere, 
msfnets owe their peculiar properties to the continaal eirculation of electric 
eyrrents in their minute parts, these currents will come under the description of 
the atereo'tlectric currents. 

From the views of electricity which have now been given, it appears that 
there are, strictly spealdng, three stafes of electricity. That derived from tlie 
•ommon electrical machine is in the highest degree of tension, and accumulittea 
until it is able to force Its way through the air, which is a perfect non-ctf»ndae- 
tor. In the galvanic apparatus, the cui rents have a smaller degree of tensioi) 
because although they pass freely through the metallic elements, they meet wilk 
some impediments in traversing the Jtuid conductor. But lu the thermo-electrie 
currents, the tension is reduced to nothing ; because, throughout the whols 
eourse of the circuit, no impediment exists to its flree and uniform eirculalioa. 

* All the eflTects of electricity and galvanism, that have hitherto been desolb 
ed, have t>een ppoduced on bodies interposed between the extremities of eoa> 
ductors, proceeding from the positive and negative poles. It was not known, 
nntil the discoveries of Professor Oersted were made, that any edbct conld be 
produced when the electric circuit is uninterrupted. 

How do the phenomena exhibited in these five kinds of electricity dilRr? 
IFofe. To what do magnets owe their peculiar properties f What follows ttook 
this f How many states of electricity are there f What is said of that derived 
ft-om the common electrical machine f What is said of that derived from the 
falvanic apparatus f What is said of the thermo-electric currents? 817. What 
•re the principal facts in connexion with the science of electro-magnetism f 1^ 
What is the first .' 2. What is the second ! 3. What is ihe third .' 4. What it 
the fourth ! 5. What is the Hfth t 6, What is the sixth t 7. What is tba 
seventh f Wliere have the bodies been supposed to be placed, in all the eflbcts 
of electricity and galvanism that have hitherto been deaerlbed f 
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8. That the direction of the electric current maj, m all caaeB, be 
HCertained. * 

9. That magnetiam is produced whenever concentrated electric!- 
Igr is passed through space. 

10. That while in common electrical and maffnelic attractions 
and repulsions, those of the same name are mutually repulsive, and 
those of different names attract each other ; in the attractions and 
lepulsions of electric currents^ it is precisely the inverse, the repul- 
non taking place only when the wires are so situated that the cur- 
rents are in opposite direction. 

818. A metalHc wire, forming a part of a voltaic cir- 
cuit, exercises a peculiar attraction towards a magnetic 
needle. 

819. Illusiraiion. If a wire, which connects the extremities of 
a Yoltaic battery, be brought over, and parallel with a magnetic 
needle at rest, or with its poles properly directed north and south, 
tiiat end of the needle next to the negative pole of the battery will 
move towards the west, wiiether the wire be on one side of the 
needle or the other, provided, only, that it be parallel with it. 

820. Jigain: \f the connecting wire be lowered on either side of 
the needle, so as to be in the horizontal plane in which the needle 
ihould move, it will not move in tliat plane, but will have a tenden- 
qr to revolve in a vertical direction ; in which, however, it will be 
prevented from moving, in consequence of the attraction of the 
earth, and the manner in which it is suspended. When the wire is 
to the east of the needle, the pole nearest to the negative extremity 
of the battery will be elevated ; and when it is on the west side, 
that pole will be depressed. 

821. If the connecting wire be placed below the plane in which 
the needle moves, and parallel with it, the pole of the needle next 
to the negative end of the wire will move towards the east ; and the 
attractions and repulsions will be the reverse of those observed in 
the former case. 

822. The two sides of an unmagnetised steel needle 
will become endued with the north and south polarity, if 
the ueedle be placed parallel with the connecting wire 

* Tills ia done by means of the magnetic needle. If a sheet of paper be placed 
CfTcr a horseHihoe mairnet, and fine black sand, or steel fllinf^ be dropped looaely 
mtk the paper, the particles will be disposed to arrange themselves in a regular 
erder, and in the direction of curve lines. This is, undoubtedly, the effect of 
some influence, whether that of electricity, or of magnetism alone, cannot at 
liKsent be determined. 

•■ What is the eighth fkct in connexion with the science of electro-magnet* 
Inn f 9. What is the ninth ? 10. What is the tenth .' How can the directioa 
ef Che electric current be ascertained ? What is stated in No. 818. 819. What 
fllustration of this is given f 820. What second illustration is given ? In what 
direction will the pole of the needle next to the negative end of the wire move^ 
if the connecting wire be plared below the plane in which the needle movea^ 
•nd parallel with it * 821. What ia said with regard to the attrsctions and rs- 
pulsions f 822. How may the two sides of an immagnelised ateel needle b*> 
eome endued with the north and south polarity i 
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of a voltaic battery, and nearly or quite in contact with 
it. But if the needle be placed at right angles with the 
connecting wire, it will become permanently magnetic ; 
one of its extremities pointing to the north pole and the 
other to the south, when it is freely suspended and But- 
fered to vibrate undisturbed. 

BtlS. Magnetism may be commdnicated to iron and 
steel by means of electricity from an electrical machine; 
but the effect can be more conveniently produced by 
means of the voltaic battery. 

824. Illustration. If a helix be formed of wire, and a bai of steel 
be inclosed within tlie helix, the bar will immediately become mag- 
netic by applying the conducting wires of the battery to the extrem- 
ities of the Belix.* The electricity from the common electrical 
machine, when passed through the helix, will produce the lame 
effect. 

If such a helix be so placed that it may move freely, as when 
made to float on a basin of water, it will be attracted and repelled 
by the opposite poles of a common magnet. 

825. If a magnetic needle be surrounded by coiled 
wire, covered with silk, a very minute portion of elec- 
tricity through the wire will cause the needle to deviate 
from its proper direction. 

826. A needle thus prepared, is called an electro-magnetic multi- 
plier. It is, in fact, a very delicate electroscope, or rather gtUvtM' 
ometeTj — capable of pointing out the direction of the electric cur- 
rent in all cases. 

827. The discovery of Oersted was limited to the action of the 
electric current on needXcB -previously maffnetised ; it was aflerwards 
ascertained by Sir Humphrey Davy, and M. Arago, that magnetr 
ism may be developed in steel, not previously possessing it, if the 
steel be placed in the electric current. Both of these philosophers, 
independently of each other, ascertained that the uniting wirei 
becoming a magnet, attracts iron filings, and collects sufficient to 
acquire the diameter of a common quill ; but the moment the con- 

* The helix is n spiral line, or a line in the fbrm of a cork-screw. The wirs 
which forms the helix should be coated with some non-cnnductinf sobdiasc*! 
such as sill( wound around it ; as it may then be formed into close c-oils, wiUioat 
Buflering the electric fluids to pass from surfhce to surface, which would impair 
iu elTect. 

Under what clrcunrstances will it become permanently majrnetic f 82S. How 
can mnf^netittni be ctimmuiiicated to iron and steel ? Hew can the eflfbct be mors 
conveniently produced ? 824. What illustration of this is givenf Note, What li 
the helix i Why should the wire, which fbrms the helix be coated with Kmw 
Don-condnctinflT substance ? What is said of a helix, if it be placed so that It maf 
move freely i &2.5. How can the magnetic needle be ma<le to deviate from iU 
proper direction.' 826. What is a needle thus prepared called .' 827. Can mi^ 
netism be developed in steel not previously possessing it i Where mint tlie sisti 
be placed i What property lias the uoitiug wire .' 
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aeziofi is broken, all the filingrs drop off; and the attraction dimin- 
iihes with the decaying energy or the pile. Filings of brass, or 
copper, or wood shavings, are not attracted at all. 

8^. Among the most remarkable of the facts con- 
nected with the science of electro-magnetism, is what 
is called the electro-magnetic rotation. Any wire, 
through which a current of electricity is passing, has a 
tendency to revolve round a magnetic pole, in a plane 
perpendicular to the current ; and that without refer- 
ence to the axis of the magnet, the pole of which is 
used. In like manner, a magnetic pole has a tendency 

to rerolve round such a wire. 

829. lUustratum. Suppose the wire perpendicular, its upper end 
BOsitiYe, or attached to the pobitive pole of the voltaic battery, and 
Its lower end negaiiye ; and let the centre of a watch-dial represent 
the magnetic pole : if it be a north pole, the wire will rotate round 
it| in the direction that the hands move ; if it be a south pole, the 
notion will be in the opposite direction. From tliese two, the mo- 
tions which would take place if the wire were inverted, or the pole 
ehanged, or made to move, may be readily ascertained, since the 
relation now pointed out remains constant* 

830. Fig. 131 represents the ingenious apparatus, invented by 
M. Faraday, to illustrate the electro-magnetic rotation. The can- 
tral pillar supports a 

piece of thick cop- Tig. 131. 

per wire, which, on 

the one nde, dips 

into the mercurv 

contained in a small 

glass cup a. To a 

£*n at the bottom of 
is oup, a small 
eylindrical magroet 
is attached by a piece 
of thread, so that one 
pole shall rise a little 
above the surface of 
the merctn'y, and be 
it liberty to move 
ixoond the wire. 
Tim bottom of the 
enp is perforated, and has a copper pin passing through it, which, 
tooehing the mercury on the inside, is also in contact with the wire 
fliat proceeds outwards, on that side of the instrument. On the 
oCber side of the instrument, b, the thick copper wire, soon afler 
turning down, terminates, but a thinner piece of wire forms a com- 

^— ^^^^"^^^ ■ ■ ^ ■ ■ " --■■■■■ ■■■—! _» I ■■■■.,■■■■, tm ^^— ^i^i^w^ 

What followt, if the connexion be broken * Are flllugs of braaa or wood 
Sfttnetfld at all ! 828. What i« the electro-magnetic rotation f 829. What 
a j gratio n is givsa? saO. What does Fig. isi represent f Bxplabi Um 

15 
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muBication between it and the mercury on the cup beneath. As 
freedom of motion b regarded in the wire, it is madie to communi- 
cate with the former by a ball and socket joint, the ball being held 
in the socket by a piece of thread ; or else the ends are beut into 
hooks, and the one is then hooked to the other. As crood metallio 
contact is required, the parts should be amalgamateo, and a small 
drop of mercury placed between them : the lower ends of the wifs 
should also be amalgamated. Beneath the hanging wire, a small 
circular magnet is fixed in the socket of the cup 6, so that one of 
.ta poles is a little above the mercury. As in the former cup, a me- 
taliic connexion is made through the bottom, from the mercury to 
the external wire. 

If now the poles of a battery be connected with the horizontal 
external wires, e c, the current of electricity will be through the 
mercury and the horizontal wire, on the pillar which connects them, 
and it will now be found, that the movable part of the wire will 
rotate around the magnetic pole in the cup 6, and the magnetic pob 
round the fixed wire in the other cup a, in the direction befon 
mentioned. 

By using a very delicate apparatus, the magnetic pole of the 
earth may be made to put the wire in motion. 

831. Fjg. 132 represents another ingenious con- 
trivance, invented by M. Ampere, for illustrating 
the electro-magnetic rotation ; and it has the ad- 
▼antage of comprising within itself the voltaic cora- 
bmation which is employed. It consists of a cyl- 
inder of copper, about two inches high, and a little 
less than two inches internal diameter, within 
which is a small cylinder, about one inch in diam- 
eter. The two cylinders are fixed together by a 
bottom, having a hole in its centre, the size of the 
smaller cylinder, leaving a circular cell, which 
may be filled with acid. A piece of strong copper 
wire is fastened across the top of the inner cylinder, 
and from the middle of it rises, at a right angle, a 
piece of copper wire, supporting a very small metal 
cup, containing a few globules of mercury. A cyl- 
inder of zinc, open at each end, and about an inch and a quarter in 
diameter, oompletes the voltaic combination. To the latter cylinder 
a wire, bent like an inverted U, is soldered, at opposite sides: and 
in the bend of this wire a metallic point is fixed, which, when 
inserted in the little cup of mercury, suspends the zinc cylinder in 
the cell, and allows it a free circular motion. An additional point 
is directed downwards from the central part of the stronger wife, 
which point is adapted to a small hole at the top of a powerful bar 
magnet. When tlie apparatus with &ne point only is charged with 
diluted acid, and set on the magnet placed vertically, the zinc cyl- 

How is the freedom of motion, Mrhlch is required on the wfre, obtained f 
How can the metallic contact which i« required l>e obtained f If the poles oTa 
battery be connected with the horiaonial external wires, e c, thronfhoul, wkat 
direction will the current of electricity take .' Round what pole will the mo^bli 
part of the wire rotate i Round what will the magnetio pole rotated 
Wkat doeii Fig. ISS represent t Of what does it consist i 
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ilider KTolwfl in a direction determined by the maffnetie pole 
which is appermoit. With two points, the copper revonres io one 
dfacelion, and the zinc in a contrary diiection. 

833. If, instead of a bar magnet, a horse-shoe magnet be employ- 
ed, with an apparatus on each pole, similar to that which has now 
hcen described, the cylinders in each will revolve in opposite diree* 
liona. The small cups of mercury mentioned in the preceding de- 
Mri|irUoD are sometimes omitted, and the points are inserted m an 
iadeiitation on the inverted U. 

8S3. Magnets of prodigious power have been formed 
bj means of voltaic electricity. 

834. An electro-magnet was constructed by Professor Henry 
•Dd Dr. Ten Eyck, which was capable of supporting a weight 
of 750 pounds. They have subsequently constructed another, 
which will sustain 2063 pounds. It consists of a bar of soft 
faoB, bent into the form of a horse-shoe, and wound with twenty-six 
rinnds of copper bell-wire, covered with cotton threads, each thirty- 
one teet long ; about eighteen inches of the ends are left projecting, 
io that only twenty-eight feet of each actually surround the iron. 
The aggregate length of the coils is therefore 7'M feet. Each 
strand 18 wound on a little less than an inch: in the middle of the 
horse-shoe it forms three thicknesses of wire ; and on the ends, or 
Bear the poles, it is wound so as to form six thicknesses. Being 
•onnecied with a battery consisting of plates, containing a little less 
than ff>rty-eight square feet of surface, the magnet supported the 
prodigious weight stated above, namely, Si0(j3 pounds. Ihe eiSects 
of a larger battery were not tried. 

835. It is seen, by what has just been stated, that 
magnetism, of great power, is induced by electricity. 
It remains now to be stated that electricity, of consid- 
erable power, can be elicited from a magnet. 

836. This discovery was made (as has already been stated) by 
M. Faraday. The experiment may be made in the following man- 
ner : Twelve sheer steel plates are to be connected in the form 
of a horse-shoe, with a keeper or lifler made of the purest sofl iron. 
Around the middle of ihe keeper is a wooden winder, having about 
t hundred yards of common thread bonnet wire, the two ends com- 
posed of four lengths of the wire twisted together, being carved out 
witi^ a vertical curve of about three fourths of a circle ; one of these 
twisted ends passing beyond each end of the keeper, and renting on 
the respective poles of the magnet. A small wooden lever is so 
fixed as to admit of the winder and the keeper being suddenly sep- 

How will the cylinders in each revolve, if, instead of a bar mafrnet, a horae- 
SIkm magnet be employed, with an apparatus on each pole similar to that 
wkicb bHM now been described f 833. >Iuw have magnets of great power been 
Ibnned ? 834. What weight was the magnet construried by Professor Henry 
•ad Ur. Ten Eyck capable of supporting i What weight will the one aAer- 
warda conslnicied sustain f Of what does it consist t 836. By what is mag- 
■aCiain of great power induced i From what can electricity of comiderabla 
power be elicited.' 836. By whom was this discovery mwdet Bow eaa 
ue sxperiment be made ? 
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■rated ftt>m contact with the ma^et, when a beautifUI and brittianl 
inpark is perceived to insue from the extremity of the wire which 
first becomes separated from the ma|^aet. By means of this electro* 
magnetic spark, gunpowder may be mflamecT* 

The science of electro- magnetism is yet in its infancy. The dis* 
coyeries which have rewarded the labors of philosophical research 
are truly wonderful ; but man has as yet but lifted the veil, behind 
which the stupendous operationa of nature are carried on. Whal 
wonders he will discover, should he penetrate the recesses of hei 
laboratory, imagination cannot conceive. It would have excited no 
little surprise, among the philosophers of the last century, had Um 
opinion been advanced, that electricity and magnetism are identical 
Perhaps the future philosopher may surprise a generation not very 
distant, by the annunciation of the discovery, that attraction and 
repulsion of all kindsy are to be traced to a common source, — thai 
the same. influence which binds the particles of a grain of sand to- 
gether, w seen in the vivid flash which causes the " lit lake to 
shine ; *' pr heard in the " live thunder," as it leaps from peak to 
peak; or known in the unerrincf guide which it furnishes the atari- 
ner in his course over the trackless deep ; and admired in the mauM 
of the spheres, as they harmoniously roll in grand and magnetio 
course in the immeasurable regions of infinite space. 

* A magneto-electrical machine his been constructed by Mr. J. Saxton, aa 
fogimioui mechanic of Philadelphia, resident in London. A aimilar apparatn 
hu been made by Mr. J. Lukens, of Philadelphia, in a very neat and portabk 
form, and It serves to demonstrate the nature uf the reaction between magneu 
and electrical currents. Messrs. A. & D. ]>avi8, of this city, have lately cm 
structed an apparatus of the same kind, for Dr. Webster, Professor of Chesnis 
try in Harvard University. 

Dr. Ritchie, Professor of Natural Philosophy in the University of London, has 
socceeded in an attempt to cause the continued rotation of a temporary magnet 
■mt its centre, by the action of permanent magnets. This effV:ct is produced by 
snddenly changing the poles of the temporary magnet, and thus, at the propet 
moment, converting attraction into repulsion. 

Profbssor Henry, of Princeton, New Jersey, has constructed an apparatus Ibf 
exliibiting, in a temporary magnet, a reciprocating motion. The soA Iron maf< 
net, with its coils of wire, is suspended like the beam of a steam engine, on an 
axis, and furnished with projecting wires, which dip into mercurial cupa, coa- 
neeted with a voltaic battery at each end of the apparatus. The wires are as 
arranged as to change the poles of the soft magnet at every alternation in tha 
movement. Each end of the soft iron bar plays between the poles of a perma* 
dent magnet, curved into an elliptical form ; and as it dips into the mercurial 
cup below, its polarity is changed, and it is repelled. A vigorous action Is ihM 
kept up, which is limited only by the durability of the materials in the galvaais 
circuit, and their power of ftirnishing a supply of electricity. 

Note, Who has succeeded in an attempt to cause the continued rotation sf • 
temporsry msfnetf How is lliis effect produced f 
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SECTION 

Jhhwiamy* 

8d7. Astronomy treats of the heavenly bodies, such 
as the sun, moon, stars, comets, plauets, &,c. 

83B. The earth on which we live b a large globe, or ball, nearly 
dvht tboosand miles in diameter, and about twenty-five thoaaand 
Hues in circumference. It is I^nown to be round, ~-;/Srjf, becauae it 
CBila a circular shadow, which is seen on the moon, during an 
edipse ; teeandly, because the upper parts of distant objects on its 
•nrnce can be seen at the greatest distance ', ikirdly, it has been 
dicnmoavigated. It ia situated in the midst of the heavenly bodies, 
which we see around us at night, and forms one of the number of 
those bodies ; and it belongs to that system, which, having the sun 
fiir its centre, and being influenced by its attraction, ia called tbs 
jsbrt system. * 

899. The solar system consists of the sun, which is in 
die centre ; 

Of seven primary planets, named Mercury, Venus, 
the EUirth, Mars, Jupiter, Saturn, and Herschel ;t 

Of four Asteroids, or smaller planets, namely, Ceres, 
Pallas, Juno, and Vesta ; 

Of eighteen secondary planets or moons, of which 
the £arth has one, Jupiter four, Saturn seven, and 
Herschel six ; and 

Of an unknown number of comets. 

840. The stars, which we see in the night time, are supposed to 
ka aiiiw, surrounded by systems of planets, &e. too distant to be 
MSB ftom the earth. Although they appear so numerous on a 

* Ic is proper here co remarii, tkat many of the branches of NaCnrsl Philoso- 
jjkf reqalrs la the student an intimate acqnaintauce with the principle uf 
matkemaiical aelenos. This is particalarly itie ease with astronomy. As 
flils book Is desijpied Ibr thoae who have made little prof reaa la the math- 
watlcs, the fbllowinc treatise on astronomy contains those fects and prin- 
ciples only of the science which are intelligible, without the aid of maUie 
■atioaliifht. 

I The word «olar means belonginf to the sun. 

t TIUs planec is sometimes called Uranaa, and sometimes the Qsorfioai 

IS7. or what does astronomy treat f 8S8. What is said of the earth f 
Bow la the earth known to be ronnd ? How is it situated f 898. Of what 
ioes the solar system consisi f 840. What are the stars supposed to be f 
Evw Buay ara visible on a bright night, anasaisted by glasses f 

15* 
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bright night, yet there are never more than a thooaand viaible to 
the tight, unaasiBted by glasses. 

841. Among the stars that are visible on a clear ni^ht may be 
■een a number which are called planett, * {mentioned vn, No. i»9.) 
The planets m^y be distinguished from the stars by their steatUf 
li^ht ] while the stars are constantly tudnkUng. The planets, like- 
wise, appear to change their relative places in the heavens, while 
those luminous bodies which are called fixed stars appear to pre- 
serve the same relative position. 

842. The sun, the moon, the planets, and the fixed stars, whksli 
appear to us so small, are supposed to be l&rj^ worlds, of variona 
sizes, and at different but immense distances Irom us. The reason 
that they appear to us so small is, that on account of their immense 
distances tney are seen under a small angle of vision. [See Ab. 
662.] 

843. It has been stated m the first part of this book, (See Not, 
54, 65 and 56,) that every portion of matter is attracted by every 
other portion, — and that the force of the attraction depends upoo 
the quantity and the distance. As attraction is mutual, we find that 
all of the heavenly bodies attract the earth ; and the earth, like- 
wise, attracts all of the heavenly bodies. It has been proved, («m 
J€os, 152 and 157,) that a body when actuated by several forces will 
not obey other one^ but will move in a direction b^ween them. It 
is so with the heavenly bodies, — each one of them is attracted by 
every other one ; and these attractions are so nicely balanced by 
creative wisdom, that, instead of rushing together in one mass, they 
are caused to move in regular paths, (called orbits^ around a centra] 
bodj; which being attracted in different directions, bv the bodiei 
which revolve around it, will itself revolve around the centre of 

Evity of the system. Thus, the sun is the centre of what is called 
eAar system, {see Jfo. 839,) and the planets revolve around i1 
in difi*erent times, at different oistances, and with different veloci 
ties. [See JYb. 93.] 

844. The paths or courses in which the planets mo?c 
around the sun are called their orbits. 

845. In obedience to the universal law of gravitation, or gravity, 
the planets revolve around the sun as the centre of their system ; 

* Tlie meaning of the word planet is properly a wanderer, or a toandtrimi 
star. These luminaries were so called because they never retain the same fit» 
Mion, but are constantly changing their relative positions ; while those stan 
which appear to retain their places are called fixed stars. The cause of dM 
motion of the planets will be presently explained. 

841. How may the planets be distinguished from the stars ? How are thi 
planeu distinguished flrom the Jlxed stars f Note. What is the meaning of thi 
word planet f Why are they called planets f What are the fixed stars r 941 
What are the son, moon, planets, and fixed stars supposed to be f Why dn 
they appear so small ? 843. What has been stated with regard to the atirae 
tion of portions of matter f Upon what force does this attraction depead I 
What follows from attraction being mutual f What direction do bodies lain 
when actuated by several forces t Is this true with regard to the heavenl] 
bodies i What is the centre of the solar system i What is said of the revola 
tkm of the planets ? 844. What are the paths, in which the planets mem 
aroond tiM sun, called * 84ft. Around what do the planeu revolve f 
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tnd the time that each one take* to peribnn an entire Terolation b 
called its jear. Thus, the planet Mercory reTolves aroond the mm 
in 87 of our days. Hence, a jear on that planet ia equal lo 87 dajs. 
The planet Venna revolves around the sun in 2SU days. That ia, 
therefore, the leii|g[th of therear of that planet. Our earth revolfcs 
around the sun m about 3d5 days and 6 houra. Our year, theie- 
fbre, is of that lengrth. 

846. The length of time that each planet takes in 
performing its revolution around the sun, or, in other 
words, the length of the year on each planet, is as fol- 
lows. {The fraciUmal parts of ike day are omiiled.) 

Daja. Dan. I>>n> 

Mercury 87 Vesto 1,325 Jupiter 4^ 

Venus 2U Juno 1,592 Saturn 10,750 

Earth 965 Ceres 1,681 Herscbel 30,686 

Mars 686 Pallas 1,686 

847. The mean distance * of each of the planets from 
the sun is expressed as follows, in millions of miles. 

MillioiM. Million*. MillioM. 

Mercury 36 Veste 225 Jupiter 495 

Venus 68 Juno ^4 Saturn 908 

The Earth 96 Ceres 263 Herschel 1,827 

Man 145 Pallas 264 

848. While the planets revolve around the sun, each 
also turns around upon its own axis, and thus presents 
each side successively to the sun. 

849. The time in which they torn upon their axes is called their 
day, and is thus expressed in hours and minutes : 

H. M. H. H. M. 

Mercury 24 5 Vesta (vnknoum) Jupiter 9 55 
Venus 23 20 Juno 27 (vrobably.) Saturn 10 16 
Earth 23 56 Ceres (Mnknown.) Herschel (unhunom,) 
Mars 24 39 Pallas {unknown.) 
The Sun turns on its axis in about 25 days and 10 hours. 

* The paths or orbits of the planets are not exactly circular, but elliptleaL 
Tkey arst therefore, sometimes nearer to the sun than at others. The meaa 
teance la the medium, between their greatest and least distance. Those plan- 
Ms which are nearer to the sun than the earth is, are called inferior planets, 
baeaiMe their orbits are within that of the earth, — and those which are fhrth«r 
tmok the son are called superior planets, because their orbits are outside that of 
the earth. 

What is a year on each planet i How long is the year of the planet Mer- 
tmj } How long is the planet Venus perfbrming her revolution around the 
■on ? How long Is the Earth in perfbrming her rerolutlon around the Son f 
t46. What Is the length of the year on the planet Mercury { Venus i Earth f 
Mars? Vesta f Juno? Ceres? Pallas? Jupiter? Saturn? Herschel f 
Jf«fe. Of what fbrm are the orbits of the planets f What Is meant by the mean 
distance ? What planets are called inferior ? Why ? What planets are called 
saoerior ? Why ? 847. What is the distance of the planet Mercury flrom the 
Soil* Venus? Earth? Mara? Vesta? Juno? Ceres? Pallas? Jujilter? 
Batam ? Herschel ? 848. Have the iHanets any motion beside that around the 
wan f 849. What Is the time In which they turn upon their axes called ? What 
Is the length of a day on the planet Mercury ? Venos ? Earth ? Mars ? Tssta? 
iOBO^ Ceres? Pallas' Jupiter' Satora? Hsrschsi ? 



lie 
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850. The relative size of the bodiei belonging to the 
folar ■ystem, as expressed by the length of their diame- 
ten, is as follows : 



Tht San 
Mercarj 
Venua 
Etrth 



MilM. 

877^7 
2,964 

7,»M 



Man AfB^ 

Verta 209 

Jano 1,303 

Ceres 1,662 



PallM 2/B5 

Jupiter 86,955 

Saturn 81,<964 

Henchel 34,363 



The Moon 2,180 

851. FV. 133 if a representation of the eomparatiTe aiae of tlis 
pliiMii. The following illostration of the eomparative nae tad 

Flf.lSS. 




Eertclfl 






diatanoe of the bodiei of the solar system is given by Sir J. F. W. 
lierschel. On a well levelled field place a globe, two feet in diam* 
eter, to represent the Sun ; Mercarj will be remsented by a grain 
of mustard seed on the circumference of a circle 164 ieet in diam- 
eter for its orbit ; — Venus, a pea, on a circle 234 feet in diameter; 
the Earth, also a pea, on a circle of 430 feet ; Mars, a rather large 
pin*8 head, on a circle of 654 feet ; Juno, Ceres, Vesta and Palhs, 
grains of sand, in orbits of firom 1000 to 1200 feet ; Jupiter, a mod^ 
erate sized orange, in a circle nearly half a mile in diameter ; — 
Satnm, a small orange, on a circle of four fifths of a mile in diaoH 
eter, and Herschel a full-sized cherry or small plum, upon the eir> 
eumference of a circle more than a mile and a half in diameter. 

" To imitate the motions of the planets in the above mentioned 
orbits, Mercury must describe its own diameter in 41 seconds ; Ve- 
nus in 4 minutes and 14 seconds, the Earth in 7 minutes, Mars in 4 
minutes and 48 seconds, Jupiter in 2 hours 56 minutes, Saturn in 3 
hours 13 minutes, and Herschel 12 hours 16 minutes." 

850. What is the diameter of the Sun f Mercury? Venus? Earth? Marsf 
▼ssta? Juno? Cerea? Pallas? Jupiter? datum? Herachel? TheMooaf 
lAl. What does Fig. 133 represent ? What illustration of the compantivo 4iS8 
and distance oTthe bodies of the sular system Is friven ? What is nrooaisri In 
onlar to imitate the moUons of the plaaeu in the above meatiooed orMts f 



ASTROnOMT. 177 

852. The ecliptic is the apparent path of the sun, or 

the real path of the earth. 

It 18 called the ecliptic, because every eclipse^ whether of the lOB 
or the moon, must be upon it 

853. The zodiac is a space or belt, 16 degrees broad, 
8 degrees each side of the ecliptic. 

854. It if called the zodiac^ from a Greek word, which si^ifiea 
mMminuUf because all the stars in the twelve parts into which the 
locients divided it, were formed into constellations, and most of 
the twelve constellations were called aAer some animal.* 

The zodiac is divided into twelve sifns, each sign containing 
thirty degrees of the great celestial circle.t The names of these 
Nffns are sometimes given in Latin, and sometimes in English. 
Tney are as follows ; 

Latin. English. Latin. Englbb. 

1 Aries, The Ram. 7 Libra, The Balance. 

2 Taurus, The BuIL 8 Scorpio, The Scorpion. 

3 Gemini, The Twins. 9 Sagittarius, The Archer. 

4 Cancer, The Crab. 10 Capricornus, The Goat. 

6 Leo, The Lion. 11 Aquarius, The Water-bearer. 

6 Virgo, The Virgin.. 12 Pisces, The Fishes. 

855. The orbits of the other planets are inclined to 
that of the earth ; or, in other words, they are not in 
the same plane. 

* Sir J. F. W. HeradMl, in his excellent treatise on Astronomy, says : ** Un 
eoQth figures and outlines of men and monsters, are nsually scribbled over 
eelestial globes and maps, and senre, in a rode and barbarouv wny, to ennble os 
totalli ofgroupsof stars, or districts in the hoHvens, hj names which, though ab- 
ioni or poeriie in thdr origin, have obtained a currency, from which ii would be 
dillhuilt, and perhaps wrong; to dislodge them. In so f»r as they have really 
(as seme have) any rilght resembhince to the figures called up in imagrination by 
a view of the more splendid ' constelliitions.* they have a certain convenience { 
bat as they are otherwise entirely arbitrary, and correspond to no natural «ub- 
dirisions or groopings of tlie stars, astronomers treat them lightly, or altogether 
disregard them, except fiir briefly naming remarkable stars ■, as * .4!pha LtonU^ 
* Beta Seorpii^* J^c, by tetters of the Greeli iJphabet attached to them. 

**Thla disregard is neither sapercllioos nor canseless. The constellations seem 
to have been almost pnrposely named and delineated to cause as much confu- 
iioa and inconvenience as possible. Innamerai>le snakes twine through long 
and contorted areas of the heavens, where no memory can fbllow them ; bears, 
Bona, and fishes, large and smali, northern and southern, contVise all nomenela- 
tnra, Ac A better system of eonstellations might have been a material help as 
aa artificial memory." 

t Owing to the precession of the eqoinoxes, the stars T^^hlch were Ibnnerly in 
the atgn called Aries, are now In the one called Taurus, ice 

IflS. What Is the ecliptic ? Why hi It called the ecliptic ? S5S. What ta the 
BSdhMS f 864. Why is it called the zodiac f What are the names of the twehre 
sonstrtlatinns ? How many degrees does each sign contain ? S55. Are lb# 
sihits of tUe other planets in the same plane with that of the earth f 
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tlie orbit of each planet where it crosiiefl the ecliptic, or, in other 
words, where the white aiid dark lines in the figure meet, are called 
the nodes of the planet. [Fruin the Latin no£u, a knot or tie.] 



657. Fig. 135 repreienti a section of the plane of 
die eeliptio, showing the inclination of the orbits of 
the planets. As tte lodiac extends only eight de- 
|rees on each side of the ecliptic, it appears from the 
figure that the orbits of some of the planets are whol- 
ly in the xodiac, while those of others rise above 
and descend below it. Thos, the orbits of Juno, Ce- 
res, and Pallas rise aboTe, while those of all the oth- 
er planets are confined to the vodiac. 

858. When a planet or heavenly body is in Uiat part 
of its orbit which appears to be near any particular 
oonstellation, it is said to be in that constellation. 
Thus, in Fig. 134, the oomet of IGdO appears to ap- 
proach the sun fSrom the constellation Leo. 

859. The perihelioa* and aphelioD* of 
a heavenly body express its situation with 
regard to the sun. When a body is nearest 
to the sun, it is said to be in its perihelion. 
When farthest from the sun, it is said to be 
in its aphelion. [Sea note to JVb. 847.] 

The earth Ib three millions of miles nearer to the 
ran in its perihelion, than in its aphelion. 

860. The apogee * and perigee * of a heav- 
enly body express its situation with regard 
to the earth. ,When the body is nearest to 
the earth, it is said to be in its perigee ; 
when it is farthest from the earth, it is said 
to be in its apogee. 

* The ploral of Perihelion la PeriheNa, and of Aphelion is 
Jpkelim, Whea a plansc is so nearly on a line with the earth 
and lbs SUB ss to pass between ihejii, it is said to be in its rn/c- 
rfsr een^unction ; when b^ind the sun, it is aaid to be in its 
inperiar eof^unetion ; bat when behind the earth, it is said to 
be la opfoai^an. The woids perihelion^ Ofthetion^ apogee and 
perifft are derived from the Greek language, and have the 
Mlowl 



Fi(. 1S& 



riof meaBisf ; 



Ferih^kiB, n««r the sun. 
Aphelion,yroiR the sun. 
PerifM, neat the earth. 
ApogeS} from the earth. 






tfi6. What does Fig. 134 represent i What are the aodes of a planet f 857 
What does Fig. 135 represent i 858. When ii a pUinet Maid to be in any par 
deolar conaieilation f 859. What do the perihelion and aphelion of a heavenly 
hody expreM f When is a body said to be in iu perihelion > When is a body 
said to be iu its aphelion f How much nearer is the earth to the sun in iu peri- 
heUon thAB its aphelion > Note. When Is a planet suid lobe iu its inferior con- 
JsacUon ' When is it said to l>e in iu superior coiOunctiou l When Is it said 
to he In opposition f WO. What do the apogee and perigee of a heavealy body 
r WlMB is a body aaid to ba la iu perigee i Whea is It said to be In 

r 
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861. The perihelia of the planets, or parts of their or- 
bits in which they are nearest to the sun {see note to JVb, 
847) are in the following signs of the zodiac : — Merca* 
ry in Sagittarius^ — Venus in Aquarius, — the Earth ii 
Capricomus, — Mars in Virgo , — Vesta in Cancer,'^ 
Juno in Scorpio, — Ceres in Pisces, — Pallas in Jlqum 
rius, — Jupiter in Libra, — Saturn in Capricomus^^ 
and the Georgium Sidus in Aries, * 

862. I'he axes of the planets in their revolutioi 
around the sun, are not perpendicular to their orbits 
nor to the plane of the ecliptic, but are inclined in differ 
ent degrees. [See J>ros, 868 and 871.] 

This is one of the most remarkable circumstances in the scienoi 
of Astronomy, because it is the cause of the different seasons, spring 
summer, autumn, and winter; and because it is also the cause ol 
tlie difference in (he length of the days and nights in the differen 
parts of the world, and at the different seasons of the year. 

863. The motion of the heavenly bodies is not UDi- 
form. Their velocity is different in different parts oi 
their orbits. They move with the greatest velocity whei 
thev are in perihelion, or in that part of their orbi 
which is nearest to the sun ; and slowest when in apkt 
lion, 

864. It has been proved by Kepler that when a body moves aronm 
a point to which it is attracted, a line t drawn from the point to lb 

* The nlgnn of the Zodiac and the various bodies of the Solar system, are o( 
ten represented in almanacs and astronomical works, by signs or charaetan 
In the following list the characters of the planets, dec. are repretscnted. 

© The Sun. © The Earth. $ Ceres. 

C The Moon. ^ Mars. ^ Pallas. 

B Mercury. ft Vesta. % Jupiter. 

$ Venus. Q Juno. I^ Satum. 

$ Herschel. 

The following characters represent the signs of the Zodiae. 
f Aries. 25 Cancer. ^ Libra. )>> Capricomm. 

^ Taurus. SI ^^- ^ Scorpio. tsss Aquarius. 

D Gemini. VJl Virgo. 4^ Sagittarius. X Pisces. 

From an inspection of the figure, it appears, that when the earth, as a^et ftw 
the sail, is in any particular constellation, the sun, as viewed from the*k>di^ art 
appear in the opposite one. 

t This line is called the radiua vector. 

1161 . In what signis the perihelion of the planet Mercury f Venus? BttAi Man 
Vesta? Juno? Ceres? Pallas ? Jupiter? Saturn? Georgium Sidut ' .*62. Wki 
is said with re/irard to the axes of the planets in their revolution »r/«r.d ihesoB 
What does this inclination of their axes cause ? L63. What is au/t with rrgar 
to the motion of tlie heavenly bodies ? When do thev move w* tx the greata 
velocity ? When is their motion the slowest ? 864. What is Ki^isr*a law f 
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n equsi time*. ThU ii called Eep- 



body puses ovet equal u 
ler's law. 

865. lUiutraiioH. \a Fig. I3C, let 3 represent the Sun, and E the 
Earth, and the ellipw, or aval, be tbe earth's orbit, or path artnuid 
"~ By Ii - ' 



from tbs ii 



o the 



twelre areas (or parts) of 
4iSeTent ihapea, but each 
eootaining the same 
auantitj of space. Thus, 
the spaces ES A, A S B, 
D S F, &«., are aU sap- 
n«ed to be e^uat. No«r 
if the earth, in the space 
of one month, will move 
in its orbit from E to A, 
it will, in another month, 
move from A 1« B, add 
in the third month from 



wUI t 



. C, d 



more properly speaking, 
fata by) equal areaa in 
eqaal limes. 

The reason why the 
earth (or anj other heai- 
•n]y body) mores with a 
■ neater dejpee of Telocity in its perihelion, 
Hkewise be explained by the same figure. 




The 
by the sun's atb-actiori, 
falling to the earth,) (J«i 
tioo. At L, the sun's a 
the nearness of the earth 
la B, the earth will moTi 
the perihelion of the ean 
ttoir detain it at E, merely 



than in its aphelion, mnj 

Thus,— 
I>, being conMantly actaatad 

JVo, l.!J,) move with an accelerated mo- 
traction bpconiCB Blronger, on account of 
; anil, consequently, in ita motion from L 
with greater rapidity. At B, which is 
'- "" acquires it) greatest velocity. Let iM 



If the sun's attraction could be destroyed, the 
force which has carried it from L to E, would carry it ofr in tha 
dotted line from E to G, which is a tangent to ita orbit. But while 
the eatUi has this tendency to move towards G, the sun's altraoUon 
ii continually operating with a tendency to carry it to S. Now, 
irbtn a body is actuated by two forces, (itt JVo, ISS,) it will more 
between them; but as the sun's attraction is constantly exerted, 
tba direction of the earth's moliaa will not be in a straight tioe, ths 
diagonal of oat large paiallelogram, but through the diagonal of a 
Bomber of infinitely small parallelograms; which, being united, 
Arm the curve line E A. 



I. IIlQilnil. 



. by Flf. 
tr k«nnlT b 
a la ill apfael 



Ml uiii d; 'If' iH». &KpiuD, D:r 
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It is thus seen, that, while the earth is moving from L to* E, the 
attraction of tlie sun is stronger than in any otner part of its orbit, 
and will cause the earth to move rapidly. But in its motion from 
£ to A, from A to B, from B to C, and from C to F, the attraction 
of tlie sun, operating in an opposite direction, will cause its motion 
from the sun to be retarded, until, at F, the direction of its motion ia 
reversed, and it begins again to approach the sun. Thus, it appears 
that, in its passage from the perihelion to the aphelion, the motion 
of the earth, as well as that of all the heavenly bodies, must be con- 
stantly retarded; while, in moving from their aphelion to perihelionj 
it is constantly accelerated ; and at their perihelion, their velocity 
will be the greatest. The earth, therefore, is about seven daye 
longer in perwrming the aphelion part of its orbit, than in travers- 
ing the perilielion part; and the revolution of all the other planete 
being the result of the same cause, is affected in the same raannei 
as that of the earth. 

866, The earth is about three tniilions of miles nearei 
to the sun in winter than in summer. 

867. The heat of summer, therefore, cannot be caused by the 
near approach of the earth to the sun. 

Snow and ice never melt on the tops of high mountains ; and 
they who have ascended in the atmosphere, in balloons, have found 
that the cold increases as th^y rise. 

868. On account of the inclination of the earth's 
axis, (see JV6. 862,) the rays of the sun fall more or less 
obliquely on different parts of the earth's surface, at dif- 
ferent seasons of the year. The heat is always the 
greatest when the sun's ray« fall verticallij, that is, per- 
pendicularly ; and the more obliquely they fall, the less 
neat they appear to possess. 

This is the reason why the days are hottest in summer, althongh 
the earth is farther from the sun at that time. 

869. Illustration. Fig. 137 represents the manner in which the 
rays of the sun fall upon the earth in summer and in winter. The 
north pole of the earth, stall seasons, constantly points to the north 
star N ; and when the earth is nearest to the sun, the rays from the 
sun fall as indicated by W, in the figure ; and as their direction is 
very oblique, and they have a larger portion of the atmosphere to 
traverse, much of their power is lost. Hence we have cold weather 
when the earth is nearest to the sun. But when the earth is in aphe- 
lion, the rays fall almost vertically, or perpendicularly, as repre- 

What is said of the motion of the heavenly bodies from perihelion to apho- 
lion i What is their motion from aphelion to perihelion ? When is their 
velocity the greatest f How much longer is the earth in performing the aphe- 
lion part of its orbit than the perihelion part.^* 866. How much nearer ia the 
earth to the sun in winter than in summer? 868. What follows from the incli- 
nation of the earth's axis, with regard to the direction of the sun's rnysf 
iVhen is the heat always the greatest .' What is said of oblique rays f What 
ii the reason that the heat ia greater in summer than in winter ? 869. IUh- 
trate this by Fig. 1S7. 
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Bat in the fignrCi these linos, which are parallel to the equator, 
ind which are at a certain distance from it, have a diflereut name, 
derived from the manner in which the sun's rays fall on the surface 
of the earth. 

Thus the circle I K, 23^ degrees from the equator, is called the 
inpic of Cancer,* and the circle L M is called the tropic of Capri- 
eom. The circle E F is called the Arctic Circle. It represents 
the limit of perpetual day, when it is summer in the northern hem- 
isphere, and of perpetual night when it is winter. 

The circle G H is the Antarctic Circle, and represents the limit 
of perpetual day and night in the southern hemisphere. The line 
LK, represents the circle of the ecliptic, which, (as has already 
been stated in No. 852.) is the apparent path of the sun, or the rtal 
path of the earth. This circle, although it is generally drawn on 
the terrestrial globe, is, in reality, a ciicle in the heavens ; and dif- 
fers from the zodiac only in its width, — the zodiac extending eight 
dmees on each side of the ecliptic. [See JVo. 852.} 

875. Fig. 139 represents the manner in which the san shines on 

Fig. 139. 








Summe r in ^ Smnmcr m 
thtNhrihtrn \R}theSrvtbfrf\. 
jtemisphtre ^«^ hemisphere 




* Thns on the 21st of March, the rays of the sun fhll vertcially on the eqsi 

Why Is the circle I K called the tropic of Cancer i What is the meaning i >t 
flbs word tropic i Why in the circle L M culled the tropic of Capricorr ' 
What are the tropicM t ' What in the circle E F called f What do<>ii it renra 
lent f What ia the circle G H called? What does it represent ^ What ao-» 
Fig. 138 represeat i Explain the flgore. 

16* 
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the eerth in difTerent parta of iU orbit ; or, in otiier wordf , the 
cause of the change in the seasons. S represents the sun, and the 
dotted oval, or ellipse, A B C D, the orbit of the earth. The outer 
circle represents the zodiac, with the position of the tweWe aigns or 
constellations. On the 2 1st of June, when the earth is at D, the 
whole northern polar region is continually in the light of the sun. 
As it turns on its axis, tNrefore, it will be day to all the parts 
which are exposed to the liffht of the sun.* But, as the whole of 
the Antarctic Circle is within the line of perpetual darkness, the 
sun can shine on no part of it. It will, therefore, be constant night 
to all places within that circle. As the whole of the Arctic Circle 
is within the line of perpetual light, no part of that circle will 
be turned from the sun while i& earth turns on its axis. To 
all places, therefore, within the Arctic Circle, it will be consttAt 
day. 

On the 22d of September, when the earth is at C, ita axis is nei* 
ther inclined to, nor from the sun, but is sideways ; and, of coarse, 
while one half of the earth, from pole to pole, is enlightmed, 
the other half is in darkness, as would be the case if its axis 
were perpendicular to the plane of its orbit ; and it is this which 
causes the days and nights, of this season of the year, to be of equal 
leiigth. 

On the 23d of December, the earth has progressed in its orbit to 
B, which causes the whole space within the northern polar circle to 
be continually in darkness, and more of that part of the earth north 
of the equator to be . in the shade than in the light of the sun. 
Hence, on the 21 st of December, at all places north of the equator, 
the days are shorter than the nights, ana at all places south of the 

Cor, and on each succeediSf day on places a little to the north, until the 21st of 
June, when they fall vertically on places 23^ degrees north oT the equator. 
Their vertical direction then turns back again towards the equator, where 
the rays again fkll vertically on the 23d of September, and on the succeeding 
days a little to the south, until the 2l8t of December, when they thU verti 
eaUy on places 28^ south of the equator. Their vertical direction tilen sgain 
tum9 toward the equator. Hence the circles I K and !• M are called the 
tropicft of Cancer and Capricorn. The word tropic is derived llrom a word 
which signifies to turn. The tropics, therefore, are the boundaries of the sun** 
apparent path north and south of the equator, or the lines at which the sua 
turns back. 

* Day and night are caused by the rotation of the earth on Its axis every 24 
hours. )t is day to that side of the earth which is towards the sun, aid night to 
the opposite side. The length of the days is in proportion to the ioflltnation of 
the axis of the earth towards the sun. It may be seen by the above figure, that 
in summer, the axis is most inclined tovnirds the sun. and then the days are the 
longest. As the North pole becomes less inclined, the days shorten, till, on the 
21at December, it is inclined 23^° from the sun, when the days are the short- 
est. Thus, as the earth progresses in its orbit, after the days are the shortest, iC 
changes its inclination toward the Sun, till it is again laclined as in the longest 
days in the summer. 

Explain, by the figure, the situation of the earth on the 21st of June. What 
causes day and night ? To what part of the earth is it day ? To what part k 
it night f To what is the length of the day in proportion .' When are the dan 
the longest ? Why .' When are they the shortest i Why f Explain lij lie 
figure the situation of the earth on the 22d of Septembor. On the 2Sd or Ds* 
esmber. 
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Mfoator, Uie days are longer than the nights. Hence, also, within 
the Arctic Circle it is uninterrupted ni^ht, the sun not shining at 
all ; and wilhin the Antarctic Circle it is uninterrupted day, the 
san shining all the tiine. 

On the 20th of March, the earth has advanced still further, and is 
at A, which causes its axis, and the lengrth of the days and nights 
to be the same as on the 20th of September.* 

876. From the explanation of figure 139, it appears that there are 
two parts of its orbit in which the days and nights are equal all over 
the earth. These points are in the si^n of Aries and Libra, which 
are therefore called the equinoxes. Aries is the yernal (or spring} 
equinox, and Libra Uie autumnal equinox. 

877. There are also two other points called solstices, because the 
sun appears to stand at the same height in the heavens, in the mid- 
dle of the day, for several days. These points are in the signs Can- 
cer and Capricorn. Cancer is called the summer solstice, and Cap- 
ricorn the winter solstice. 

878. The sun is a spherical body, situated near the 
centre of gravity, of the system of planets of which our 
earth is one. 

879. Its diameter is 877,547 English miles ; which is equal to 100 
diameters of the earth; and, therefore, his cubic magnitude must 
exceed that of the eaith one million of times. It revolves around its 
axis in 25 days and 10 hours. This has been ascertained by means 
of several dark spots which have been seen with telescopes en its 
surface. 

* As the diflTerence In the length of the days and the nights, and the lAange of 
the seasons, dec. on the earth, ia caused by the inclination of the earth^a axis, it 
MIows that all the planets, whose axes are inclined, must experience the same 
Ticieeitude; and that it must be in proportion to the degree of the inclination 
of their axes. As the axis of the planet Jupiter is nearly perpendicular to its 
erbit, it follows that there ean be little variation in the length of the days, and 
little change in the seasons of that planet. 

There can be little doubt that the sun, the planets, stars, &jg. are all of them 
Inhabited ; and although it may be thought that some of themi on account of 
fheir Immense distance from the run, experience a great want ofliglit and heat, 
While others are so near, and the heat, consequently, so great that water can- 
not remain on them in a fluid state, yet, as we see, even on our own earth, thai 
ereatures of different nature live in different elements, as, for instance, fishes in 
Water, animals in air, Ac. creative wisdom could, undoubtedly, adapt the being 
to its sitoatien, and v^ith as little exertion of power, form a race whose natare 
should be adapted to the nearest, or the most remote of the heavenly bodies, as 
Was required to adapt the fowls to the air, or die fishes to the sea. 



Ob the 20th of March. What foHows flrom the dianges oo the earth, caused 
bjr the inchuation of the earth's axis i In what proporUon are these changes t 
What is said of the axis of the planet Jupiter } Is is supposed that the son, 
pianets and stars ai>0 inhabited i What is shown by Fig. 139 f Where are 
Ihsw points? What are they caUed i Which is the vernal equinox ? WUoii 
die aatumnai i What other two points are there f ¥niy are they called sol* 
slioes * Where ane these points * Which is the sammer solstice? WhJdi Iht 
wtaiter ? 87t. What is said of the sua f What is its diameter ? How modi 
does its cabio magnitude exceed tlMt of the earth ? How long is it In perflmi^ 
log its revolution aroiud its axis ? How has this been ascertained ? 
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880. Dr. Herechel supposed the greater number of spots on the 
sun to be mountains } some of which he estimated to be 300 milefl 
in Jieight. 

681. It is probable that the sun, like all the other heavenly bod- 
ies rexeeptirfg perhaps comets) is inhabited by beings whose nature 
k auapted to their peculiar circumstances. 

882. Although, by some, the sun is supposed to be an immense 
ball of fire, on account of the effects produced at the distance of 
ninety-five millions of miles, yet many facts show that heat is pro- 
duced by the sun's rays, only when they act on a suitable medium. 
Thus, snow and ice remain during the year, on the tops of the 
higiiest mountains, even in climates where the cold of our winters 
is never known. 

883. The zodiacal liffht is a singular phenomenon, accompanying 
the sun. It is a faint light which oflen appears to stream up from 
the sun a little afler sunset and before sunrise. It appears nearly in 
the form of a cone, its sides being somewhat curved, and generally 
but ill defined. It extends often from 50*^ to 100® in the heavens, 
and always nearly in the direction of the plane of the ecliptic. It is 
most distinct about the beginning of March ; but is constantly visi- 
ble in the torrid zone. The cause of this phenomenon is not 
known. 

884. In almanacs, the sun is usually represented by a small cir- 
cle, with the face of a man in it, thus : 

885. Mercury is the nearest planet to the sun, and is 
seldom seen ; because his vicinity to the sun occasions 
his being lost in the l)rilliancy of the sun's rays. 

886. The heat of this planet is so great that water cannot exist 
there, except in a state of vapor ; and metals would be melted. The 
intenseness of the sun's heat, which is in the same proportion as its 
light, is seven times greater in Mercury than on the earth ; so that 
water there would be carried off in the shape of steam ; for, by ex- 
periments made with a tliermometer, it appears that a heat seven 
times greater than that of ihfi sun*s beams in summer, will make 
water boil. 

887. Mercury, although in appearance only a small star, emits a 
bright white light, by which it may be recognised when seen. It 
appears a little before the sun rises, and again a little after sunset, 
but as its angular distance from the sun never exceeds 23 degrees, 
it is never to be seen longer than one hour and fifty minutes after 
sunset;. nor longer than mat time before tlie sun rises. 

•80. What did Dr. Ilerschel sappose these spots to be ? 883. What is tlM 
Zodiacal light f At what time is it most disiinci i Where is It constantlv 
Tisiblef 885. What planet is nearest to the suu f Why is it seldom seenf 
What is said of the heat of this planet t How much ^eater is the sinrs best 
in Mercury thau on the earth f In what form does water exist In Mercary f 
How can Mercury be recofiiized when mmui At what time dooa it ap- 
pear? 
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888. When viewed throagh a ^ood teleBCope, Mercury appears 
wilh all the various phases, or increase and decrease of light with 
which we view the moon ; except that it never appears quite full, 
because its enlightened side is turned directly towards the earth, 
only when the planet is so near the sun as to be lost to our sight 
in its beams. . Like that of the moon, the crescent or enlightened 
fide of Mercury is always toward the sun. As no spots are com- 
monly visible on the disk, the time of its rotation on its axis is un* 
known. 

889. Venus,* the second planet in order from the sun, 
is the nearest to the earth, and on that account appears 
to be the largest and most beautiful of all the planets. 
During a part of the year it rises before the sun, and it 
is then called the morning star ; during another part of 
the year it rises af\er the sun, and it is then called tho 
evening star. The heat and light at Venus are nearly 
double what they are at the earth. 

890. Venus, like Mercury, presents to us all the appearances of 
incfease and decrease of Uent common to the moon. 8pots art also 
sooietimes seen on its surface, like those on the sun. By reason of 
the great brilliancy of this planet, it may sometimes be seen even in 
the day time, by the naked eye.t But it is never seen late at night 
because its angular distance m>m the sun never exceeds 45 degrees. 
In the absence of the moon it will cast a shadow behind an opaque 
body. 

801. Both Mercury and Venus sometimes pass directly lietween 
the sun and the earth. As their illuminated surface is toward the 
sun, their dark side is presented to the earth, and they appear like 
dark spots on the sun's disk. This is called the transit of these 
planets. 

892. The earth is the next planet, in the solar sys- 
tem, to Venus, it is not a perfect sphere, but its figure 

* Bv the ancient poets, Venus was called Phosvhory or Lucifer^ when it ap 
peared to the west of the sun, ut which lime !t la morning star, and ushers IQ 
the light or day ; and Heaperu* or VeaptTj when eastward of the auu, or eveninf 
star. 

t The reason why we cannot see the stars and planets in the day time, is, 
tliat their light is so faint, compared with the light of the sun reflected by our 
sliDosphere. 

■■ I.I. ■■II »■■ 

888. How does Mercury appear when viewed through a telescope? SM. 
What planet is nearest to the earth i When is Venus called ilie mom- 
teg star i When is it called tlie evening star ? How much greater are the 
krat and light at Venus than that at the earth f What name was given by 
the ancient poets, to Venus, when morning star ? What, when evening star f 
Wh It is the greatest distance at which the planets, Mercury and Venus, eaa 
ever appear from the sun i What b meant Ly tbe transit of theas 
planets i Wliat is said of the diflbrent appearances which Veuus presents f 
Why can we not see the planets and stars in the day time { 892. What plaest 
is next to Venus f What is the form of the earth ? 
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IS that of an oblate spheroid^ the equatorial diameter be- 
ing about 34 miles longer than its polar diameter. 

893. It is attended by one moon, the diameter of which is about 
two thousand miles. Its mean distance from the earth is about 
^0,000 miles, and it turns on its axis in precisely the same time 
that it performs its revolution round the earth; namely, in 21) days 
and a half. 

894. The earth, when viewed from the moon, exhibits 
precisely the same phases that the moon does to us, but 
in opposite order. When the moon is full to us, the 
earth will be dark to the inhabitants of the moon ; and 
when the moon is dark to us, the earth will be full to 
them. The earth appears to them about 13 times larger 
than the moon does to us. As the moon, however, 
always presents nearly the same side to the earth, there 
is one half of the moon which we never see, and which 
cannot see the earth. 

895. Next to the earth is the planet Mars. It is con- 
spicuous for its fiery red appearance ; which is supposed 
to be caused by a very dense atmosphere. 

When this planet approaches any of the fixed stars, they change 
their color, grow dim, and often become totally invisible. This is 
supposed to be caused by his atmosphere. The degree of heat and 
light at Mars is less than half of that received by the earth. 

8^6. The four small planets or asteroids, Vesta, Juno., Ceres and 
Pallas, have all been discovered within the present century. Vesta 
was discovered by Dr. Gibers, of Bremen, in 1S07. Its light is pure 
and white. Juno, by Mr. Harding, near Bremen, in 1604. Ita 
color is red, and its atmosphere appears cloudy. Pallas was dis- 
covered by Dr. Olbers in ldl)2. It appears to have a dense, cloudy 
atmosphere. Ceres was discovered at Palermo, in Sicily, by Piazzi, 
in 1801. It is of a ruddy color. All of these small planets undergo 
various changes in appearance and size, so that their real magni- 
tude is not ascertained with any certainty , and but little is known 
of them.* 

* It ig a remarkable fact, that certain irregularities, observed in the moclom 
of the old planets, induced some astmnnmerH to suppose that a planet exialed 



How m'ji^h larger is its equatoriitl diameter than its polar ? 893. How many 
moons has the earth ? What is the diameter of the moon ? What is its distance 
fW»m the earth f What is the l«n«jth of a day at the moon.' How long is It in 
performing its revolution around the carrh ? 894. .What phases does the earth, 
when vi€we<l from the moon, exhibit f How much larger does the earth appear 
than the moon ? 895. What planet is nevt to the earth ? What renders it con- 
Bpicuous f What is supposed to cause this appearance .' How much more light 
ami heat drtes the earth enjoy than Mars ? 896. When were Ihu asteroids dia- 
Govere<l ? By whom, and in what year was Vesta i."iscovered .' Wh'it is the 
color of its licht .' Bv whom and when was Juno discovered ? What is the 
color of its li({ht ? When \vaj« Pailas discovered .' By whom * What isnaid of 
its atmosphere .' When aud by whom wasCerea discovered r What is its color f 
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897. Jupiter is the largest planet of the solar system, 
and it is the most brilliant, except Venus. The heat 
and light at Jupiter is about '26 times less than that at 
the earth. This planet is attended by four moons, or 
Batellites ; the shadows of some of which are occasion- 
ally visible upon his surface. 

898. The distance of those satellites from the planet are two, four, 
six and twelve hundred thousand miles, nearly. 

The nearest revolves around the planet in less than two days; 
the next in less than four days; the third in less than eight days; 
and the fourth in about sixteen days. 

899. These four moons must atford considerable light to the in- 
habitants of the planet; for the nearest appears to them four times 
the size of our moon ; the second about the same size ; the third 
•omewhat less, and the fourth about one third the diameter of our 
moon. 

900. As the axis of Jupiter is nearly perpendicular to its orbit, it 
has no sensible change of seasons. 

901. The satellites of Jupiter often pass behind the body of the 
planet, and also into its shadow, and are eclipsed. These eclipses 
are of use in ascertaining the longitude of places on the earth. By 
these eclipses also, it has been ascertained that light is about 8 
minutes in coming from the sun to the earth. For, an eclipse of 
one of these satellites appears to us to take place 16 minutes sooner, 
when the earth is in that part of its orbit nearest Jupiter, than when 
in the part faithest from that planet. Hence, light is sixteen min- 
utes in crossing the earth's oibit, and, of course, half of that time, 
or 8 minutes, in coming from the sun to the earth. 

902. When viewed through a telescope, several belts or bands 
are distinctly seen, sometimes extending across his disk, and some- 
times interrupted and broken. They differ in distance, position, 
and number. They are generally dark ; but white ones have been 
seen. 

.903. On account of the immense distance of Jupiter from the sun, 

between the orbits of Mars and Jupttpr; a supposition that arose long prevlooi 
to tbe discovery of the fbur new planets just noticed. The opinion lias l>een 
advanced, that these four small bodies erigiualiy composed one larger one, 
which, by some uulinown force or convulsion, burst asunder. This opinion Is 
maintained with much ingenuity and plausibility by Dr. Brewster, in the Edin- 
burgh EncycIope<lia, Art. Astronomy. Dr. Brewster further supposes, that 
die bursting of this planet may have occasioned the phenomena of the meteoric 
■tones ; that is, stones which have fallen on the earth flrom the atmosphere. 

Wh%t isuaid In the note with regard to these planets.' 897. Which of the 
]>lsnet8 is the largest f How much more ligiit and heat does the earth enjoy 
than Jupiter f IJow many moons has this planet.' 898. What is the distance 
of these moons fVom the planet f In what time do they perform ilieir revolu- 
tions around the plnnet ! How does the size of these moujis compare w^ith that 
of oars .' 900. Why has Jujtiter no sensible variety of seasons f 901. Of what 
ose are the eclipses of Jupiter's moons.' How Ions is light in coming from the 
■on t) tlie earth? How has this been ascertained / How does Jupiter appear 
▼iewed through a telencope f 
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and also from Mercury, Venus, l]u> Earth and Mars, observen on 
Jupiter, with eyes like ours, can novor see eilhtr of the above- 
named planetSj because they would always be imuiersed in the sun's 
rays. 

904. Saturn is the second in size and the last but one 
in distance from the sun. The degree of heat and 
light at this planet is eighty times less than that at the 
earth. 

■ 

905. Saturn is distinguished from the other planets by being 
encompassed by two large luminous rings, one exactly without or 
beyona the other. They reflect the sun's light in the same manner 
as his moons. They are entirely detached from each other and 
from the body of the planet. They turn on the same axis with the 
planet, and in nearly the same time.* The edge of these rings ui 
constantly at right angles with the axis of the planet. Stars are 
sometimes seen oetween the rings, and also between the inner ring 
and the body of the planet. The breadth of the two rings is about 
the same as tlieir distance from the planet, namely, 21 ,000 miles. 
As they cast shadows on the planet, Dr. Herscbel thinks them 
■olid. 

906. The surfkce of Saturn is sometimes diversified, like that of 
Jupiter, with spots and belts. Saturn has seven satellites, or moons, 
revolving around him at different distances and in various times, 
firom less than one to eighty days. 

907. Satuni may be knowti by his pale and steady light. The 
seven moons of Saturn, except one, revolve at different distances 
around the outer edge of his rings. Dr. Herscbel saw them moving 
along it, like bright beads on a white string. They do not oflen 
suffer eclipse by passing into the shadow of the planet, because the 
ring is generally in an oblique direction. 

908. Herschel, the third in size, is the most remote 
of all the planets. It is scarcely visible to the naked 
eye. The light and heat at Herschel are about 360 
times less than that at the earth. 

909. This planet was formerlv considered a small star ; bat Dr. 
Herschel, in 1781, discovered, from its motion, that it is a planet 
lie modestly gave it the name of Gcorgiom Sidus, or the Geoigiiun 



* These rings move together aroui^ the planeL but are about thirteen 
utes longer in performiDg their revolution about him, than Saturn is in rsvolf- 
Ing about his axis. 

904. IIow does Saturn eompaFe in size with the other planets f 905. Bn/w k 
Saturn distinguished from the other planets ? Wliat is said of these rings? Hov 
much longer are these rings in performing their revolution around the pianel thas 
the plauet is in performing iu revolution on its axis? What is ihebrsadtll 
oftheserinffs? 906. What is said of t lie surihce of Saturn ? IIow many loooai 
has Saturn r 907. How may Saturn be Icnown t What is said of the saoosi 
of Saturn f Why are they not oOen eclipsed f 908. IIow does Herschel cooh 
pare in size with the other planets f IIow does the light and heat at Uersduil 
compare with that of the earth i 909. By whom was this rJUne^ discovert4f 
What name did he give it f 



Hv, in Immmt oTUi ku^. Gievrgt the T=rd. Ob tbe oj n t ia p l 
Europe it is called UrmmmM. 

910. Henehel is attended br bz 99-^. ?r n*^::.ln;. nT.c^w} 
were dboovered bv Dr. Ueraelap] : «»s tL ?d':jhf 3 r*i->'r« :a oTbm 
■etrij perpendieolar to that of uip pkUtei. Toaz Bi>*^>n 1* 
Mtfy retrograde; bot th^s m procmz^lr a& cplics.. ^as.:'Q. a*i 
fiom the diffieultj cf maoniaiasng v::i?^ pan x" vi^ir orticl 
towards the earth, and vhich declines fh^n it * 

911. It IS a ainriilar cirevmstaiioe. that, before the dtscoverr af 
Hersehel, some distarbaDees and deTiatiotis vere oattprred br a»> 
tnmoaiers ia the motions of Jopiter and SitxLn:. wiiich thej eoald 
■aeoant lor onlj on the sopposition that these tvo planeu irere 
iaflneaoed by the attraction of some more res Me md ondascorered 
phnet. The discoverj of Hersche! completelj verified their c^mb- 
loos, and shows the extreme nicetj with vroicii astr(Ni<>iDert obserre 
Ibd motions of planets. 

912. The word comet is derked from a Greek woni^ 
which means hair; aod this name is given to a numer- 
oas class of bodies, which occasionally ?isit, and appear 
to belong to the solar system. These bodies seem to 
consist of a nacleus, attended with a lucid haze, some- 
times resembling flowing hair ; from whence the name 
is derived. Some comets seem to consist wholly of this 
hazj or hairy appearance, which is frequently called 
the tail of the comet. 

913. In ancient times, the appearance of comets was regarded 
with saperstitious fear, in the belief that they were the forerunners 
of some direful cakmity. These fears have now been banished, 
and the comet is viewed as a constituent member of the sys- 

* It appeurs to be a general law of mtellites, or moonSf that they turn mi 
tk§ir a»es in the aame. lime in which they revolve around their rrimariet. Oa 
this account, the inhabitants of secondary planets observe some siiijruiar appear- 
anCM, which the inhabitants of primary planets do not. Those who dwell oa 
the side of a secondary planet next to the primary, will always see that prima* 

a} while thoee who live on the opposite side will never see it. Those who 
rays see the primary, will see it constantly in very nearly the same place. 
For sxanplH, those who dwell near the edge of the moon's disk, will always 
sss the earth near the horizon, and those in or near the centre, will always see 
It directly or nearly over head. Those who dwell in the moon's south limbi 
wUl see the earth to the northward *, those In the north limb will see it to ihs 
soothward ; those in the east limb will see it to the westward *, while those la 
die west limb will see it to the eastward ; and all will see it nearer the hortaoo 
Is proportion to their own distance from the centre of the moon's disk. fSimUar 
are exhibited to the inhabitants of all secondary planets. 



•lOi. IIow many moons has Herschel I By whom were they disoovtrsd t 
Bow are their orbits situated, with regard to that of the planet f What Is said 
sClheir motion ? Ifote, What appears to be a general law of satellites t What 
Mlows from this with regard to the appearances which the inhabitants of the 
sseondary planets must observe^ 912. What is the meaning of the wori 
•osaet/ To what class of bodies is this aame given/ Of whatdo ihsasbodlsf 
a^psartocoBslatf 

17 



194 NATURAL PHILOSOPHY. 

tern, governed by the same harmonioas and unchanjring laws which 
regulate and control all the other heavenly bodies. 

914. Comets, in moving, describe long narrow ovals. They ap< 
proach very near the sun in one of the narrow ends of these ovals; 
and when a comet is in the other, or opposite end of ita orbit, its 
distance from the sun is immensely great. 

915. The extreme nearness of approach to the sun gives to the 
comet, when in perihelion, a swiftness of motion prodigiously great 
Newton calculated the velocity of the comet of HjtiO to be tidO,(X)0 
miles an hour. Tliis comet was remarkable for its near approach to 
the sun, being no further than 560,000 miles from it, which is but 
little more than half the 8u>n's diameter. Brydone calculated that 
the velocity of a comet, which he observed at Palermo, in 1770, 
was at the rate of two millions and a half of miles in an hour. 

916. The luminous stream, or tail, of a comet, follows it as it 
approaches the sun, and goes before it when the comet recedes 
from the sun. Newton, and some other astronomers, considered 
the tails of comets to be vapors, produced by the excessive heat of 
the sun. Of whatever substance they may be, it is certain that it 
is very rart^ because the stars may be distinctly seen through it. 

917\ The tails of comets differ very greatly in lengrth, and some 
are attended apparently by only a small cloudy light, while the 
length of the tail of others has been estimatea at from 50 to 80 
miliions of miles, t 

* The number of comets that have occasionally appeared within the limits 
of the solar system is varioutily stated, from S50 to £00. The paths or orbiu of 
about 98 of these have been calculated from observation of the times at which 
they most nearly appruached the sun ; their distance fVom it, and from the 
earth, at those times ', the direction of their movements, whether from east to 
west, or iVom west to east ; and the places in the starry sphere at which their 
orbits crossed that of the earth, and their inclination to It. The result is, that, 
of these 98, 24 passed between the Sun and Mercury, 33 passed between Mer- 
cury and Venus, 21 between Venus and the Earth, 16 between the earth and 
Mars, 3 between Mars and Ceres, and 1 iietween Ceres and Jupiter} that 50 of 
tliese comets moved from east to west; that their orbits were inclined at 
every possible angle to that of the earib. The greater part of them a>icended 
above the orbit of the earth, when very near the sun ; and some were olMerved 
to dash down from the upper regions of space, and, after turning round the sun, 
to mount again. 

t It has been argued that comets consist of very little soHd snbetance, be- 
cause, although they sometimes approach very near to the other heavenly 
bodies, they appear to exert no sensible attractive force upon those bodies. It 
iB sai^ that, in 1454, the muon was eclipsed by a comet. The comet most, 
therefore, have been very near the earth ; (less than 240,000 miles ;) yet it pro* 
duced no sensible eflfect on ihe earth nr the moon ; for it did not cause them to 
malie any perceptible deviation from their accustomed paths round the sun. 
It has beeen ascertained that comets are disturbed by the gravitating power of 
the planets, but it does not appear that the planets are in like manner allbcted 
by comets. 



Note, What is the number of comets that have occasionally appeared f 
What discoveries have been made concerning 98 of them ? What is the result ? 
914. What is the form of the orbits of comets? 916. What is said of the mo- 
tion of comets when in perihelion ? What did Newton calculate tlie velocity 
of the comet in 1680 to be in an hour ? For what was this cornel remarkable? 
816. What is said of the luminoira stream of a comet as it approaches and re 
cedes from the sun f What did Newton, and some other astronom^v, coiwldsr 
the tails of comets to be f What is said in the note with rt^u^ to eomeis f 
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918. The stars are classed into six magnitudes : the 
largest are of the first magnitude, and the smallest that 
can be seen by the naked eye, are of the sixth. Those 
stars which can be seen only by means of telescopes, 
are called telescopic stars. 

919. The didtance of the fixed stars cannot be determined, be- 
cause we have no means of ascertaining the distance of any body 
which exceeds 200 thousand times that of the earth from the sun 
As none of the stars come within that limit, we cannot determine 
their leal distance. It is generally supposed that a part, if not all, 
of the difference in their apparent magnitudes is owing to the difier- 
ence in their distance, the smallest being farthest ofi'.* 

920. Although the stars generally appear fixed, they all have 
motion ; but their distance being so immensely great, a rapid motion 
would not perceptibly change their relative situation in two or three 
thousand years. Some have been noticed alternately to appear and 
disappear : several tliat were mentioned by ancient astronomers, are 
not now to be seen ; and some are now observed, which were un- 
known to the ancients. 

921. Many stars which appear single to the naked eye, when 
viewed through powerful telescopes, appear double, treble, and even 
quadruple, borne are subject to variation in their apparent magni- 
tude : at one time being of the second, or third, and, at another, of 
tlie fifth or sixth magnitude. 

922. The Galaxy, or Milky Way, is the name given to a 
remarkably light broad zone, visible in the heavens, pass- 
ing from north-east to south-west. It is supposed to con- 
Many comets escape observation, because they traverse that part of the 
taeavens only which is above the horizon in the dny time. They are, therefore, 
lost In the brilliancy of the san, and can be seen only when a total eclipse of the 
mm takes place. Seneca, 60 years before the Chrii«tian era, states thai a large 
comet was acinnlly observed very near the t>nn, during nn erIipKe. 

Dr. Halley and Profbssor Encke and Uiela are the fltHt astronomers that ever 
sacoeasftiily predicted the return of a comet. The periodical time of IIalley*8 
comet is about 76 years. It appeared latit in the fall of 18S.5 : that of Encke is 
about 1200 days ; that of Biela about 6f years. This last comet appeared in 
1883 : its next appearance will be in 18S8. 

The comet of 1758, the return of vihich was predicted by Dr. Halley, was 
regarded with great interest by a»tronomers, because its return was pre' 
dieted. But four revolutions before, in 1456, it was looked upon with the 
ntmost horror. lis long tail spread consternation over all Europe, already t«r- 
rUhsd by the rapid success of the Turkish arms. Vope Cnllixtus, on this <»cca- 
■lon, ordered a prayer, in which both the comet and the Turks were included in 
one anathema. 

* The distance of the stars, according to Sir J. Herschel, cannot be so small 
tt 19,200,000,000,000. How much larger it may be we know not. 

Who were the first astronomers that snccesRAiIly predicte ! the return o( a 
comal f What is the periodical time of Hallcy's comet? OfEncke's.' Of 
Bfela^s.' 918. Into how many magnitudes are the stars classed ? Of what 
magnitude are the largest ? Of w hat are the smMlle^t * What are telescoi^e 
atani ? 919. Why cannot the distance of the fixed stars be determined .' To 
inrhat is the difference in their apparent magnitudes supposed to be owiof ? 
•20. Have the stars any motion ? 923. What is the Galaxy ? 
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gist of an immense number of stars, which, from their 
apparent nearness, cannot be distinguished from each 
other. 

923. Dr. Uerschel saw, in the course of a quarter of aD hour, the 
astonUhing number of 11G,000 stars pass through the field of his 
telescope, while it was directed to tlie milky way. 

924. The ancients, in reducing astronomy to a science, formed 
the stars into dusteraf or constellations* to which they gave partic- 
ular names. 

9^. The number of constellations among the ancients was about 
fifly. The moderns have added about fifty more.t 

IJ^. On a celestial globe, the largest star in each constellation if 
usually designated by the first letter of the Greek alphabet; and the 
next largest by the second, &c, When the Greek alphabet is ex 
hausted, the English alphabet, and then numbers, are used. 

927. The stars, and other heavenly bodies, are never seen in their 
true situation, because the motion of light is progressive; and, 
during the time that light is coming to the earth, the earth is con- 
stantly in motion. In order, there^re, to see a star, the telescope 
must be turned somewhat before the star, in the direction in which 
the earth moves. [See Resultant Motion^ JVb. 192] 

Hence j a ray of light passing through the centre of the telescope, 
to the observer's eye, does not coincide with a direct line from his 
eye to the star, but makes an angle with it; and this is termed the 
Merration of ligfU.t 

928. On account of the daily rotation of the earth on its axis, the 

* The names of the signs or the zodiac have already been given. (See No, 
854.) It reinaiiia to be observed, that each constellation is about 30 degrees, or 
a sign, eastward of the sign of the same name. For example, the constellation 
Aries is SO® eastward of the sign Aries, and the constellation Taurus SO** east- 
ward of the sign Taurus, and so on. Thus the sign Aries lies in the constella- 
tion Pisces; the sign Taurus in the constellation Aries; the sign Gemini In the 
constellation Taurus, and so on. Hence the importance of distinguishing be- 
tween the siffns of the zodiac and the constellations of the sodiac. The cause 
of the difference is the precession of the equinoxes. [See note to No. 854, and 
No. 945.) 

t Our observations of the stars and nebulae are confined principally to those 
of the northern hemisphere. Of the constellations near the sooth pole we 
know but little. [See first note to No. 854.] 

X In determining the true place of any of the celestial bodies, the reflraetlve 
power of the atmosphere must always be taken into consideration. This prop- 
ertv of the atmosphere adds to the length of the days, by causing the saB to 
appear before it has actually risen, and by detaining its appearanee after it has 
actually set. 

Of what is it supposed to consist I 924. How did the ancients divide the 
stars f 925. What was the number of constellations among the ancients? 
How many have been added by the moderns i 926. Huw are the stars desig* 
nated on the celestial globe i Note. What is the situation of each constetlation 
now .' Illustrate this. What is the cause of this diflference ? 927. Why do we 
not see the stars, and other heavenly bodies, in their true situation f How can 
a star be seen in its true situation f What is meant by the aberration of nght f 
Note. What is necessary to be talcen into consideration, in determining tl e tme 
place of the celestial bodies f What effect baa this property of the atnif^hert 
on the length of the days f 
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whole sphere of the fixed Btarfl,&c. appear to moye round the earth 
every twenty-four hours from east to west. To the inhabitants of 
the northern hemisphere, the immovable point, on which the whole 
seems to turn, is the Pole Star. To the inhabitants of the southern 
hemisphere, there is another, and a corresponding point in the 
heavens. 

929. Certain of the stars surrounding the north pole, never set to 
08. These are included in a circle parallel with the equator, and in 
every part equally distant from the north pole star. This qircle is 
called the circle of perpetual apparition. Others never rise to us ; 
these are included in a circle equally distant from the south pole ; 
and this is called the circle of perpetual occul^ion. 

Some of the constellations of the southern hemisphere are repre- 
sented as inimitably beautiful, particularly the cross. 

930. The parallax of a heavenly body is the difference 
between the true and the apparent situation of the body. 

931. Illustration. In Fig. 140, A G B represents the earth, and 
C the moon. To a spectator at A, the moon would appear at F ; 
while to another at B, the moon would appear at D ', but to a third 

Fig. 140. D . 




spectator at G, the centre of the earth, the moon would appear at E, 
which is the true situation. The distance from F to E is (he paral- 
lax of the moon when viewed from A, and the distance from £ to 
X) is the parallax when viewed from B. 

932. From this it appears, that the situation of the heavenly bod- 
ies must always be calculated from the centre of the earth ; and 
the observer must always know the distance between the place of 
his observation, and the centre of the earth, in order to make the 
necessary calculations, to determine the true situation of the body. 
AUowanoe also must be made for refraction. [See note to wVo GOO.] 

933. The moon is a secondary planet, revolving about 
tlie earth, in about 2t^ days. Its distance from the 
earth is about 240,000 miles. It turns on its a.xis in 
precisely the same time that it performs its revolution 



£ 



What Is the rmrallat of a hesTetily body f E.xplnin Pis. 140. What ap» 
(torn this f Whai allowance niuitt also be made f 933. 'U the niiMin a 
mary or secondary planet .' How long iti it in pertbrmiog its revolution about 
sank t What is iu distance from the earth ? 

17* 
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about the earth. Consequently it always presents the 
same side to the earth. 

934. The most obvious fact in relation to the moon, is that iti 
disk is constantly changing its app«'arance, sometimes only a semi- 
circular edge being illuminated, while the rest is dark ; at another 
time, the whole surface appearing resplendent. This is caused bj 
the relative position of the moon with regard to the sun and thte 
earth. The moon is an opaque body, and shines only by the light 
of the sun. When, therefore, the moon is between the earth and 
the sun, it presents its dark side to the earth; while the side pre- 
sented to the sun, and on which the sun shines, is invisible to the 
earth But when the earth is between the sun and the moon, the 
illuminated side of the moon is visible at the earth. 

935. JUustration. In Fig. 141, let S be the son, £ the earth, and 
A B C D the nwon in different parts of her orbit. When the moon 



Fig. 141. 




k at A, its dark side will be towards the earth, its Hhiminated part 
being always towards the sun. Hence tlie moon will appear to vm 
as represented at a. But when it has advanced in its orbit, to 
B, a small part of its illuminated side comes in sight, it appeara as 
represented at b, and is said to be horned. When it arrives at C, 
one half its illuminated side is visible, and it appears as at e. At C, 
and in the opposite point of its orbit, the moon is said to be in 



rature. At D its appearance is as represented at d, and it is said 
to be giibout. At £ all its illuminated side is toward as, and we 
have a fall moon. During the other half of its revolution. Um 
and leas of its illuminated side is seen, till it again becomes invisible 
atA.'' 



• 



* The following signs are used in car eommoa almanacs to denote Che (,«.^. 
ant positions and ptiaaea of the moon. ) or ^ dmotas the moon in tlM Jini 
foadratare ; that is, the quadrature between chsafe and AilI | ( or ( deaslas 

9S4. What is the most obvious Itet in relation to the auxm f How Is ttb 
f What kind of a body is the moon? By what Ught does It saias f 
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936. The mean difference in the rising of the moon, caused by its 
dailj motion, is a little less than an hour. But on account of the 
different angles formed with the horizon hy different parts of the 
ecliptic, it happens that for six or eight nights near the full moons 
of September and October, the moon rises nearly as soon as the suii 
is set. As this is a great convenience to the husbandman and the 
hunter, inasmuch as it affords them hght to continue their occupa- 
tion, and, as it were, lengthens out their day, the first is called the 
harvest moon, the second the hunter's moon. These moons are al- 
ways most beneficial when the moon's ascending node is in or near 
Aries* 

937. Ao eclipse is a total or partial obscuration of one 
heavenly body by the intervention of another.f 

938. The tides are the regular rising and falling of 
the water of the ocean twice in about ^ hours. 1 hej 
are occasioned by the attraction of the moon ; but are 
affected by that of the sun also. 

Uie moon in the laat quadrature ; that is, the quadrature between IViIl ani 
ehang e ; Q denotes new moon } ^ denotes full moon. 

VIThen viewed through a teIesco(ie, the surface of the moon appears wondar* 
fblly diversified. Large dark spots, supposed to be excavations or valleys, ara 
▼iaible to the eye ; some parts also, appear more lucid than the general aurflicab 
These are ascertained to be niountaiiu, by the shadows which they cast. Mapa 
of the moon*s surface have been drawn ; on which most of these valleys aynd 
mountains are delineated, and names are given to them. Some of these exea- 
▼ations are thought to be 4 miles deep and 40 wide. A hijih ridge generally sur> 
rounds them, and odeu a mountain rises in the centre. These iiniuense depres- 
sions probably very much resemble what would be the appearance of the eartli 
at the moon, were all the seas and lakes dried up. Some of the mountains are 
■opposed to be volcanic. 

* The reader who wishes a simple and clear inostration of the causes which 
produce the harvest moon is referred to Wtlklns*a Astronomy, page GS. 

t The situation oT the earth with regard to the moon, or rather of the mooa 
wf th regard ie the earth, occasions eclrpaes both of the sun and moon. Those 
of tue sun take place when the moon, passing between the sun and earth. In- 
tercepts his rays. Those of the moon take place when the earth, corning bo- 
tween the sun and moon, deprive the moon of his light. Hence, an eclipse of 
the aan can take place only when the moon changes, and an eclipse of the mooa 
only when the moon fulls -, for at the time of an eclipse, either of the son or 
moon, the sun, earthy and moon mwtt be in the same straight line. 

If the moon went around the earth in the same plane in which the earth 
foes around the sun, that is, in the ecliptic, it is plain that the sun would be 
aelipaed at every new moon *, and the moon would be eclipsed at every full. For 
at Mch of these times, these three bodies woukl be in the same straight line. 
Ant the moon^s orbit does not coincide with the ecliptic, but is inclined to It at 
an angle of about 5** 20'. Hence, since the apparent diameter of the sun is bat 
aboot 1-2 a degree, and that of the moon about the same, no eclipse will take 
^■ee at new or Till moon, unless the moon be within 1-2 a degree of the ecfip- 
tle^ that is, in or near one of its nodes. It is found that if the moon be withm 

How does the moon appear when viewed through a telescope f 9S6. What 
caoaes the diflTereuce in the rising of the moon f \Vhat Is the mean diflWrenea 
hi the rising of the moon f What is the harvest moon I What is the hunter^i 
mooa i When are the moons always the most beneficial .' 937. What is aa 
•elipse i When does an eclipse of the sun take place i When does an eclipse 
of the moon take place ? VVhat Is necessary at the time of an eclipse i 8Sti 
What ace tides f By what are they occasioned f 
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Fig. 142. 





939. Let Mf in the above fi^re, be the moon revolving in its or 
bit; E, the earth covered with water. The moon, attracting the 
earth, aflfects the solid parts of it, as if its whole weight were in a 
point at or near the centre E. But the waters at A, being nearer 
tiie moon than the point £, are more strongly attracted than the 
earth, at E, and are consequently drawn away from the eaith, and 
raided up under the moon at A. The waters, on the opposite side 
at B, being farther from the moon than the earth at £, are conse- 

2nentlv less powerfully attracted than the earth, which is drawn 
'om them, and they are raised at B. When the waters are raised 
at A and B, it is plain they must recede from the intermediate 
points C and D. 

16 1-2* of a node at time of change, it will be so taear the ecliptic, that the sua 
will be more or lens ecliptied ; if within I7« at time of lUll, the moon will be 
more or leus eclipsed. 

It M obvious that the moon will be oftener within 16 l-2o of anode at the time 
of change'i than wiihiu 12'' at the time oflull ; coudequeutly there will be more 
ecliimes of the Hun thHn of the moon in a course of years. As the nodes com- 
monly come between the sun and earth but twice in a year, and the moon*8 or- 
bii contains 360**, of which 16 1-2^ the limit of sular eclipses, and I2«, the limit 
of lunar eclipses, are but sn.all portions, it is plain there must be many new and 
(hll moons without any ecIipHes. 

Although there are ihore eclipses of the bu>i than of the moon, yet more eclip- 
ses of tlie moon will be visible at a particular place, as Boston, in a course of 
years, than of the sun. Since the sun is very much larger than either the earth 
or moon, the shadow of these bodies must always terminate in a pc4ut ; that ia, 
it mvst always be a cone. In Fig. 143, let 8 be the sun, m tlM muou, aiul B the 



Fif. 14S. 




Explain Fig. 142. TTow often woald there be an eclipse, if the moon went 
ronnd the earth in the same plane In which the earth goes round the ana ? 
Why f What is the inclination of the moon*8 orbit to the ecliptic ! What is 
the apparent diameter of the sun and moon f What follows ft>om this ? When 
is the sun eclipsed t When the moon f Does an eclipse happen every time 
there is a full or new moon f Wiiat must the shadows of these bodies always 
bef Whyf Explain Fig. 148. 
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040. Thiu tnj piirticatar place, ■■ A, while puaing rram under 
the moon, till it conies undrr Uie moon agun, htu Iwo tides. Bnt 
the moon is conaUuitlj ulmncing in iU orliil, so tbit the earth 
mDsL a little more than complete its rotation, berore the place A 
comei under the moun. This ciusee high water at any place abont 
fitly minnlea later each Buccenive day. 
tank. Tbe nin cani1uill]f illnintnilH bm3f As nnb'i idtAc*, Diat li, a bra^ 









b iDIarcepitiJ, (In Hlilch caie iha ecUpH la caJJ 
ew. r C 1) 3, diilluct rraiu tile Ibrnicr, which in 



lii| au aclliiM vf ihE lun Ihiin O lo IK 

y HB niora KiiJ mew (111 tiu nrriTed m U, 

llmirhole ■an'* ilMli h* lUtlilB. Anpaui. 

BDces would t>e nlmllir If he went Itoni O lo O. llaucB tli« peuanihra 1i ks 
■»] leu dark, (t^ciuae > led pMilm of Uie inn In *cll|wal.) lu in'ei>on:9a m 
me ipeciruor u more remoir nvm O, ud uearar U or 1). Tti(ni(h Iha pMiun- 
bixlw cuniinuilly Incmilnj ludlainrlcr, acconllag id lu iniglli, or Ihainaliuc* 
of Ihe moon A-om Uit> enrih. ■Ill], uwkr Iha meal Ikvorali]! ciKDinalincaa, it 
■UlinnbulalHiuiliiiirariae llluiniiialnl tacinb|diei« oC the mirih. lleneai, kt 

Fif. tMnpnMaMiBcclilMeorihsBiooa, ^a iuMiil tba inoon eulenlk* 
«nh-a ihadow at i, U li deprlTcd ot Iha luu'i ll|hi, aiui In ecli|ii>ed lo all la 

Tklbk lo at l«iui twice aa i '-■'-'■' ■--- ■ -■' ■■■- 
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943. When time is calculated bj the sun, it is called 
solar time, and the jear a soJar year ; but when it is 
calculated by the stars,* it is called sidereal time, and 
the year a sidereal year. The sidereal year is 20 min- 
utes and 24 seconds longer than the solar year. 

944. A solar year t is measured from the time the earth sets oat 
from a particular point in the ecliptic, as an equinox, or solstice. 
until it returns to the same point again. A sidereal year is measured 
by the time that the earth takes in making an entire revolution ia 
its orbit ; or, in other words, from the time that the sun taikes to 
return in conjunction with any fixed star. 

945. Every equinox occars 50 seconds of a degree of the great 

inperibct of all the theories conner.ted with astronomy. It is, however* indis- 
paiable, that the moon baa an eflbci upon the tides, aJthoufh it be not equally 
Mt in ail places, owing to the indentations of the coast, the obstructions of 
Mands, continents, Ac, which prevent the free motion of the waters. In nar- 
row rivers, the tides are frequently very hi^h and sudden, from (he reslMlauce 
afforded by their banks to the Cree ingrens of the water, whence what would 
otherwise be a tide, becomes an accumulation. It has been constantly ob«erv» 
sd, that the spring tides happen at the new and full moon, and the neap tides 
St the quarters. This eircumstance ia sulflcient in itself to prove the conuex- 
km between the influence of the moon and the tides. 

* The solar year consists of S65 days, 5 hours, 48 minutes, and 48 seconds} 
bat our common recltoning gives 365 days only to tite year. As the dirference 
aowiints to nearly a quarter of a day every year, it is usuhI, every fourth year, 
to add a day. Every fourth year, the Romans recl(oned tbe Gtfi of the cafeniU 
t/Marehy and the/ollowinzday^ an one day ; wliich, on that account, they called 
bissextile, or twice the 6th day j whence we derive the name of bissextile fbr 
tlie leap year, in which we give to February, for the same reason, 29 days every 
fourth year. 

t As it may be Interesting to those who have access to a celestial globe, to 
know how to find any particular star or constellation, the foDowiug directions 
tie snt^lned : 

There is always to be seen, on a clear night, a beautinil cluster of seven 
MlUant stars, which belong to the constellation *' Ur»a Major^" or the Great 
Bear. Some have snppowd that they will aptly represent a plough ; others 
sny that they are more like a wagon and horses, the four stars representing the 

Explain Fig. 145. ffote. When do spring tides happen f When neap tides f 
M9b What is time called when calculated by the sun f What is tiidereai time f 
How much longer is the sidereal year than the solar f 944. How is a solar 
yesr measured f Note. Whnt is the length of a solMr yesr ? Why is a day 
added everv fttiirth year, to the year i How is a Kidereai year measured t 
MS. W^hat is the precession of the equinoxes f What change has this circum- 
cauaed, with regard to the aiiuatiou of the constellations t 
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[The flguTM refer to the namben and not to the ptfe.] 

ArritACTtoir, o4. 

Attraction of Cohesion, 59 ; of gravitation, 58. 

Action, 136. 

Archimedes*8 discovery of specific gravity, 315 note ; screw of, 390. 

Air, how high it eztends, &c. 351 ; elastici^ of, 355 ; pressureof, 394; 

how it becomes a mechanical agent, 39o. 
Air Pump, 356 ; experiments with, 3(^, &c. ; and instruments eon* 

nected with, 362, Sm, 
Acoustics, 417. 
Angle, right obtuse and acute, 147 note; of vision, 562; of iad* 

dence and reflection, 147, 148, and 563. 
Aqueous humor, 634. 
Ajjialgam, 718. 
Aurora Borealis, 748. 
Armature of a magnet, 810. 
Ampere, his apparatus for illustrating the electro-nutgnetie xoti- 

tion, 831. 
Astronomy, 837. 
Aphelion, 859. 
Apogee, 860. 

Axis of the planets, their inclination, &c., 862. 
Aberration of light, 927. 
Asteriods, 896; supposed to be fragments of a large planet bonl 

asunder, 896 note. 
Atmosphere, weight of, 399 note, 
BHttlenesH, 81. 
Barometer, 403, 406. 
Battery, electrical, 706. 
Biela*s comet, 917 note. 
Bissextile, or leap year, 943 note. 
Compressibility, 76. 
Compound motion, 151. 
Clock, how regulated, 201. 
Cylinder, 233. 
Complex wheel work, 238. 
Capilary tubes and attraction, 282 Ji'ote. 
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Capstan, 245. 

Crepusculum, See TimUgkt, 

Crank, 241). 

Caloric, 461. 

Camera obscura, 551. 

Catoptrics, 560 ; fundamental law of, 575. 

Cornea, 631. 

Crystalline lens, 635. 

Choroid, 638. 

Chromatics, 667. 

Color, cause of, 668 and 676. 

Compound galvanic battery, 770. 

Couronne des tasses, 771. 

Calori motor, 764 noU. 

Constellations, 854 note ; ancient, 924. 

Conjunction, inferior and superior, 860 note. 

Characters used in Astronomical works, 861 note. 

Circles on the eartli, 873 and 874; of perpetual apparitioB ind 

cultation, 929 ; galvanic, 758. 
Ceres, 896. 
Comets, 912. 
Clusters of stars, 924. 
Celestial globe, how used, 944 note. 
Divisibility, 37. 

Density, 65 ; how affected by heat and cold, 489. 
Ductility, 84. 
Diving Bell, 402. 
Dioptrics, 590 ; laws of, 593. 
Dipping of magnetic needle, 802. 
Distance of the planets from the sun, 847. 
Diameter, 147 note ; of the sun, moon, and planets, 860. 
Diagonal, 147 note. 

Days and nights, cause of their different lengths, 874 noU, 
Digits, 937 ; note, on page 202. 
Diachfirger f jointed f 708. 
Extension, 32. 
Expansibility, 77. 
Elasticity, 79. 
Equilibrium of fluids, 283. 
Echo, how produced, 439. 
Eye, its parts and description of, 628, &e. 
Electricity, 688 : vitreous and resinous, or positive and nenitiTe, 700; 

conductors of, 693; by induction and transfer, 714, 716, and 749; 

elicited from a magnet, 835. 
Electrics, 692. 
Electrical machine, 717 ; battery, 706 ; experiments with, 720; eleo* 

trical bells, 733; electrical sportsman, 737; electrical saw-miUy 

748 note ; electrical anbnals, 748 ; notej page 152. 
Electrometer, 720. 
Electro- Magnetism, 812; principal facts relating to the science, 817 

and 828 ; remarks on the science, 836. 
Electric sparks taken from a magnet, 816. 
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Ekctro-Ma^tie multiplier, 826; roCatioo, 89S. 

Earth, its diumeier, &«., dSd. 

Ecliptic, 8u2. 

Earth, not a perfect spheie ; Appetn «• a moon to tlw iwhihitinta 

of the moon, &c., ttl2. 
Encke's comet, 917 ; note, on p*^ 196. 
Eclipses, 9^ i total eelipae of the son in 1806, 937; Bote, oa pag» 

Equinoxes, preceasion of, 945. 

Figure, 3(3. 

Force, centra], 160 ; centripetal and centrilbgal, 160i 

Fulcrum, 204. 

FI?-wheel, 24a 

Friction, 264 ; cause of, 206 ; Imw leoened, 966. 

Fluids, 278 ; pressure uf, 293. 

Fountain, how formed, 337. 

Farraday's discoveries, 816 and 836; his af^jMimtiis Sat ezhibiltDf 

the electromagnetic rotation, 830. 
Gravity, or Gravitation, 87 ; force of, where greatest, 88; eflfect of, 

on fluids, 288 ; specific gravity, IQO ; centre of, liiL 
Governor, 273. 

Glass chimneys, how protected from fracture, 486 aste. 
Gasometer, or gas generator, 736 ; note, on page 147. 
Gymnotus Electricus, 748 note. 
Galvanism, 750 ; difference between electricity and galvaniim, 750; 

its effects, 779 ; history of, 750 noU, 
Galvanic conductors, 75/. 

Galvanic circle, 760 ; etkcXM of, how inereaaed, 766w 
GdlAnometer, 826. 
Georgian! Sidus, 909. 
Galaxy, 922. 

Gibbous, when the moon appears, 935. 
Great Bear, 944 note. 
Heat, 45!) ; its effecU,69 and 466 ; laws of, 458 ; sonroes and effects 

of, 467 and 483, dtc. ; when matest on the earth, 868; how 

propagated, 508 ; and reflected, oil. 
Hydrostatics, 277. 
Hydrostatic Bellows, 302. 
Hydrostatic Press, (Bramah,) 306. 
Hydrometer, 317. 
Hydraulics, 320. 
Hygrometer, 405 and 409. 
Harmony, science of, 427. 
Heavenly bodies, why not seen in their letl plaee, 600 ; tiKir tiVMt 

tion must be calculated from the centre of the etrth, dUSL 
Hydrogen piatol, 736. 
Hydro-electiic current, 816 note. 
Helix, 824 tiaie, 
Hesperus, 889 note. 
Herschel, 908. 

Halley's comet, 917; note, on page 195. 
Harvest moon, 936 

18* 
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Hanter*8 moon, 936. 

Impenetrability, 25. 

Indestructibility, 45. 

Inertia, 51. 

Incident motion, 146 ; incident ray, 563. 

Incidence, angle of, 147. 

Inclined plane, ^1. 

Iris, 632. 

Insulated, 695. 

Induction, electricity by, 714. 

Juno, 896. 

Jupiter, 897 ; his satellites, eclipses of, 901 ; hii beltiySOa. 

Kaleidescope, 686. 

Kepler's Law, 864 ', illustration of, 865. 

Lever, 207. 

Liquids, 279. 

Locomotive steam engine, 507. 

Light, laws of, 541 and 593 ; composed* of difierent eolon^ 671 ; Hi 

velocity, how ascertained, 901. 
Luminous bodies, 516. 
Lens, 604 ; various kinds of, 605 ; focal distance of, 614 ; efibete ol^ 

616 note ; why used in spectacles, 626. 
Leyden jar, 704 ; how silently discharged, 713. 
Lightning, 747. 
Lightning rods, 713 ; square, better than round ones, 748 naU*, most 

not be painted, 748 riote ; Dr. King's and Mr. Quimby**, 748 note; 

first proposed by Franklin, 748 rufU. 
Line of direction, 181. 
Loadstone, 782. 
Lucifer, 889 note. 

Longitude ascertained by eclipses of Jupiter's Satellite!, 901 
Matter, definition and properties of, 15 * all matter attractiYey 86. 
Mobility, 78. 
Malleability, 80. 
Mechanics, 111. 
Motion, 112; uniform, accelerated, and retarded, 194; compovmd, 

151 ; circular, 157 ; centre of, 159 ; axis of, 159 ; fesultant mo- 
tion, 192 ; when imperceptible, 556 ; cause of ia the heaTenlj 

bodies, 843; their motion not uniform, 863. 
Momentum, 133. 
Magnitude, centre of, 163. 
Mechanical powers, 203 and 206. 
Medium, 268 and 528. 
Main spring of a watch, 270. 
Magdeburen cups, or hemispheres, 383. 
Mirrors, plain, concave and convex, 565 ; laws of refleetioii ftomif 

576, &c. ; concave, why they magnify, 574; convex, whj thej 

diminish, 570. 
Microscope, single, 644 ; and double, 648 ; solar, 650. 
Magic lantern, w7. 
MuTtiplj^ing glass, 684. 
Magnetism, 780 ; how it resembles, and difien from electiid^^ 

moUf communicated by electricity, 833 and 833i. 
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Magnet, properties of, 785 ; polarity of, 786 ; methods of rappoit* 

in^, 7dd ; its powers, how increased, 794 ; horseshoe ma^et,795; 

artificial magnets, how made, OOd and mU; magnets made hj 

electricity, i53. 
Mariner's compass, 804. 

Magneto-eiectrical machliMI, (SiZtM'f,) 836 mtU, 
Mercury, 8d5. 
Mars, S3^, 

Meteoric stones, 896 noiB, 
Milky way, 923. 
Moon, 933. 

Natural philosophy, definition of, 1 ; principal branches of, 2. 
Non-electrics, 090. 
Northern lighU, 74a 
Oil, effects of, on waves, 328 note. 
Optics, 514. 
Optic nerve, 640. 
Oersted's discoveries, 815. 

Orbits of the planets, 844 > their inclination to each other, 8S7. 
Opposition, 8o9 note. 
Perpendicular, 147 note. 
Parallelogram, 147 note. 
Projectile, 174. 
Parabola, 177. 
Projectile, random of, 178. 
Pendulum, 195; vibrations of, 196, dec. 

Pulleys, 2*21 ; fixed and movi^ble, 22i2 and 224 ; practical use of, 230 
Pinion, 240. 
Pyronomics, 458. 
Pyrometer, 482. 
Pupil of the eye, 633. 
Prism, 670. 
Planets of the solar system, 839 ; how distingnbhed from stars, 841 } 

interior and exterior, inferior and superior, 847 note ; inhabited, 

875 note. 
Phosphor, 839 note. 

Perihelion, 859 ; of the planets, in what sign, 861« 
Perigee, 860. 
Pallas, 89B. 

Pole or Polar star, 928 ; how to find, 944 naf. 
Parallax, 930. 
Porosity, 64. 
Quadrature, 935. 
Rarity, 66. 
Reaction, 136. 
Reflected motion, 144. 
Radii, 147 note, 
Radius vector, 864 noU. 
Reflection, an<rle of, ]4d. 

Reflecting and refracting substances, 619 and 520. 
Reflected ray, 562. . ^ ..^ 

Refraction of light, 691 ; efiects of, 597 and 617; laws of, 603. 
Retina, 637. 
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RrMinous electnehr, 700. 

lUvolation, Mnod, of tlia pluett, 810; ammd thrir «aasBI& 

Baji, con¥erffinff,o&5: difennng.&fiS: obtiqus ABd fertie«l»< ^ 

of, 8G8 and tfOa 
Reeeiver oftnairpUflipydU; iliiigfaifMaifBrf 739aid377i 
Bcfuire, 147 n§ie. 
Berew, 2G0. 
Bpeeifie m^ij, 100; of bodiei, how aMntaliiedt SU oii^Uy * 

•ttmlm of, 310 ; table of apeeifie fraTttiea, 311 itrta. 
8prin|;a, bow formefl, 334. 
Syphon, 33d. 
Sound, 418; produced hy etnngif 4^; veloei^ «^ 437; ^^ 

human Toi«e, how produced, 453. 
SoQoroua bodiea, 423. 
Steam, elaatic force of, 494. 
Steam enjpne, 496 and 503 ; moTinf part ofl 602 ; faiveiitan iii 

improvera of, 503 noU ; Watt's Steam JSnguWi 606 ; Loeomolh* 

Steam Engine, Gill7. 
Shadowa, &e.,532. 
Sclerotica, 639. 

Skjr, cauae of its UueneM, 673 MCa, 
Sptrai tube, rd5. . 
Straight receiver, 739. 
Silunu Electricus, 748; note, on page ISSL 
^teiix»-elei aric current, 616 iio<a. 
ha^ion, J., his magneto-electrtcal machine. 836 neHe. 
Solar system, 839 ; relative size of bodies belonging to, 860 ; tabka 

of, 205 and 206 pages. 
Stars, 840 ; how distinguished from planets, 841 ; classed into 

magnitudes, 918 ; never seen in their true aiUiatJon, 927. 
Size, relative, of heavenly bodies, 850. 
Seasons, cause of tlie variations of, 873 
Sun, its size, diameter, dec, 878. 
Saturn, 904. 

Tables, 205 and 206 pagu. 
Tenacity, 85. 
Tackle and fall, 231 
Toggle joint, 275. 
Tantalus's cup, 340. 
l*hermometer, 404 and 408. 

Transparent and tmnslucent substances, 517 and 518. 
Telescopes, dec, G58; refracting and reflecting, GOO and 661. 
Transfer, electricity by, 716. 
Thunder-house, 741. 
Torpedo, page 152, note to No. 748. 
Thermo-electric current, 810 note. 
Tropic, 874. 
Tangent, 147 note. 
Transit of Mercurj and Venus, 891. 
Telescopic stars, 918. 
rides, 938. 
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Time, solar and ■idereal, 943; true and apparent, difieiexKse be 

tween, 947. 
Twilight how caused, 601. 
Universal discharger, 730. 
Uranus, 909. 
Ursa Major, 944 noU. 
Velocity, 116. 

Vibrations of a pendnlam, 196, &c. 
Velocity of a current, how ascertained, 3S6. 
Vacuum, 35b note. 
Ventriloquism, 455. 
Vision, angle of, 552. 

Vitreous humor, (536 ; vitreous electricity, 700 
Voltaic electricity, or ^Ivanism, 750 ; difierence between tlua tad 

common electricity, 775. 
Voltaic battery, 768 ; effects of, dec, 775, note, on page 159. 
Voltaic pile, 766. 
Venus, 8b9. 
Vesper, 889 notB. 
VesU, 896. 

'Watch, how it differs from a clock, 202. 
V^heeX and axle, 233. 
Wedge, 256. 
Water, compressible, 279 note; instruments for raising, 329; hfom 

it becomes a mechanical agent, 341. 
Water Level, 286. 
Waves, how formed, 328. 

Water wheels, overshot, undershot, and breast, 342. 
Wind, 415. 

Whispering galleries, 444. 
Tear, solar and sidereal, 944. 
Zodiac, 853 ; signs of, i^. 
Zodiacal light, 883. 

N B. For the convenience of recitation, the Bgwet are all l» 
peated on separate leavea. 
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